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PART I.--QENERAL GEOLOGY. 

CHAPTER I.-PHYSIOAL FEATURES. 


introduction. 


The aiea deaJt with in this paper comprises the southern half 
of the sheet No. 73B of the Survey of India, lying between the north 


Area surveyed. 


latitudes 22° 0' and 22° 30' and the east longi- 
tudes 84° 0' and 85° O'. For the sake of 


completeness ii^ extensions to the east and west have also been 
included. By far the greater part of the area is occupied by the 
Gangpur State, the borders comprising portions of the British 
districts of Ranchi, Singhbhuin and Sambalpur and the Feudatory 
States of Bonai, Bamra and Jashpux. On the west, the limit of 
the mapped area has been determined by the political boundary 
of Biliar and Orissa and the geological boundary of the crystalline 
schists, while on the east the limit of the stmotural unit has been 
taken into account. 


A programme of resurvey of Chota Nagpur and Orissa was taken 
up some 15 years ago, and work was commenced in the Sing^bhum 
„ district particularly in connection with the 

iron-ore deposits. Two memoirs, one deaonb- 
ing North Singhbhum and the other South Singhbhum, have already 
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Maps. 


appoarocl. Sp('oi!il iutoroHl AViiH felt in tln‘ pnwMit iW'oii I)r. K 

f^poiuM^r o[ Mowrti'H. Bird k (Jo. of (‘iilontla iliscovorrd, in t.lio otnir.Mi' 
of ii Hiirvoy for economic ptirpoHc.i, i.luii Minro wan iirn' a chnin' 
shafX'd Hti’uctiuro (‘xjxwin^ nianf'iiiiif(‘roiiM roolv.s (d tlio lyfx' 

and cryntallino niarhlos. It vvaa tlioii^ht that tin' »na])pinK (*f ilin 
region would nervo to tlu’ow light on tlin ndai-ionMliij) brtwcon iln' 
TockH of tlift Nagpur aroa in the (hniiral IVoviiua's anti ilmsa of ilin 
Binghbluim aroa in Bihar and OrLsna. 

Tho mapping of the whole area wan (loin* iinh'p('U(l(‘id.ly by Ihe 
prcaont writor between tho bcuhoiih i{}27-2(S and Oidy 

for the portions covered by tho districls of 
Kanchi and Singhbhum arc tlui nuKte.rn toj)o- 
gtaphical maps of tho Survey of India, on the scale of one inch to a 
mile, available. The rest of the area was mapped on modern shet'i^s 
on the scale of half-inch to a mile. 

* During the courso of fieldwork tlio writer has roeeivod sympa- 
thetic help from many sources which it is a pleasure to ackiiowhidgp, 
^ ^ He is indebted to the administrative olTiccrB 

c now e gmen s. different districts and States covered 

in the area, viz., Qangpur, Bonai, Bamra, Kanchi and Singlibhmn 
and portioularly to those of Gangpui State. To Mr. H. D. Christian, 
formerly Dewan and now Superintendent of Gangpux State, and to 
Mr. S. N. Khanna, Forest Oflicor of tho same State, ho is greatly 
obliged for their constant help and hospitality on many occoHions 
and for smoothening tho difficulties of long tours in out-of-the-way 
places. To the officers of various mining companies in tho area — 
the Bisra Stone Lime Co., (particularly bo Messrs. It. F, Alexander 
and F, H. Legg), the Tata Iron and Stool Co. and Messrs. B. P. 
Byramjee & Co., he is thahkM for their courtesy and for informa- 
tion supplied during visits to their quarries. 

He has also benefited considerably by discussions with sevtiral 
of his colleagues. In particular, tl»o valuable suggcHtlons arul 
advice of Sir Lewis Fermor, Dr. C. S. Fox and Mr, D. N. Wnf lia 
have been freely drawn upon iu bringing tho report to its present 
form. The author’s thanks aro also due to Mr. P. 0. Roy, Curator of 
the Geo logical Survey and Museum, for sevoiol of the chemical analyses 
^ven in this memoir. 

Climate. 

The cHmate of the area can generally bo desoribod as dry and hot. 
From the end of March to the middle of July is the hob season during 
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which north-westerly dust-laden winds blow. The summer day- 
temporature is usually between 105® and 115®F. in the shade, and 
occasionally 120® F. has been recorded. The monsoon usually sets 
in towards the middle ol June and the rainy season lasts till the end 
of August or the middle of September. Thence to the middle of 
March is the cold season, in which there are occasional showers of 
rain. 

The latter part of the rainy season and the earlier part of the 
cold season are malarious. The period from Novembei to February 
is the most pleasant and the best time for outdoor work. 


Rainfall. 

Tlie fig ares of ramtall, which are recorded at all the police stations 
in the Cangpur State, vary from station to station. The average 
annual fall recorded at Sundargarh between 1906 and 1923 has been 
given as GO-09 inches in a recent publication^ of the State, the 
monthly averages being as follows : — 

Table 1. — MmtMy average of rainfall in Qa'iigjmi. 


Month. 

Jamiary . 









Rainfall. 

(In inrhes). 

0*67 

Pcbiuaiy . 







• 


1-56 

Mnacli 








1 

0'64 

April 








« 

0-63 

May 









1-04 

June 









10-08 

July 









16-73 

Augni’it 



• 




■ ♦ 


18-02 

September 


• * 

4 






7-43 

October . 


* « 




• ■ 

« * 


2-14 

November 


• • 




» • 

• e 

• 

0*29 

December 


• 

9 

* 



• # 

V 

0-17 








Totaii 


60-09 


1 1^. N. Khajma, Working Plan of the rosorvod and protected forests of the Gangpur 
3tato l^alsa, ( 102 r >- 30 )» 60 pp. (1927). Published by tho Gangpnr State, 
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During tlio last decade for which hgiires are available, the average 
rainfall for 13 stations in the State is sliown below : — 


T^le 2, — Annwl rainfall in Oangpur frmn 1923 to 1932. 


Year. j 

Rainfall. 

Ytiar. 

Ilaiufall. 




(IiioUoh). 


(luohoa). 

1923 . 

• 

. 

6L6 

1028 . 

68*2 

1924^ . 

. 

. 

44-S 

1029 . 

74'8 

1926 . 

• 

- 

71-5 

1030 . 

66>2 

1926 . 

• 

. 

69*7 

1931 . 

02-3 

' 1927 . 

• 

- 

61-4 

1032 . 

601 


This gives an average of 60-9 inohes per year. 


During this period, the maximum recorded was 114*6 inches 
at Lifripara in 1926, while the muiimiun was 31*7 inohes at Bargoon 
in 1930. In any particular year tho figures for the dificront stations 
vary considerably. 


Flora. 

Up to tho middle of the last century tho area was heavily forested, 
but since then, uncontrolled cutting hy timber-contractors has 
depleted tho State of all good forests. Since 1910, liowovor, tho 
foiost management and oonservation liuve boon pub in charge of 
a trained forest officer who has, in a largo measure, succeeded in 
demarcating the forest areas and regenerating the forosts therein, 
Tho forests are at present producing n good rtivonue which is gradu- 
ally improving. The area under forest is now between a fourth 
and a fifth of tho total area of the State, 

Three types of forests are distinguished, these being called tho 
'saV *33Qised^ and ‘bamboo’ forests. In the first, sal {Sharea 

Types of forest*. forms more than 60 per cent, of the 

crop, while in the second the porcontogo of 
soZ is less, and the other timber species taken together predominate. 
The sal forests occupy tho greater portion of tho Nogra Zmindarl 
(f.e., the eastern part of Gangpur adjoining SiiJ^hum), the 
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Chhatam axca south of Eajgongpur, and the Panchra area near the 
Bnnohi border. Forests composed essentially of bamboo, of which 
Berdroealmmts sirictus and two or three other species are the most 
important, are to be found in the hills north of Kuiai, in the Dhangar- 
guri area near Masabira, in the Kuiumlcel area near Bajbahal and in 
parts of the Chhatam area. The other parts of the State constitute 
mixed forests. 


The species of trees which are of importance as timber, and which 

are systematically exploited at the present day, are Sal {Shorea 

. . rolmsta). Bija (Pterocarpus marsupium), Kendu 

Timber species. / )n t 

(Diospyros ^nelanoxylon), Gamhar {Gmmna 

arborea), Ealdu or Kamm {Adina cardifolia). Laurel, Sahaj or Asan 

{Termindia tomentosa), Siris or Eoleko {Albizzia lebhQk)^ Axle-wood 

or Dhaura {Anogeissus latijolia)^ Salai {Boswellia serrata), Boranga 

(Greuna sp.). Satin-wood or Bhet'wa {Chloroxylon swietmia), Bose- 

wood or Sissoo (Dalbergia latifolia). Jam {Evgenm jambolana), and 

Bandhan {Ougeinia dalbergioides). 

Of these, sal is the most important, being much in demand for 

railway sleepers and for building purposes. Bamboo is locally used 

„ . ^ for building huts, fences, etc., but its export 

IS liimted because of the distance from the 


Useful forest pro ducts. 


railway and the high freight rates. The other timber species are 
used for a variety of purposes. Sal forests seem to thrive well in 
the valleys and on hiU slopes where there is a good supply of water 
and the soil porous and open-textured. It is generally associated 
with sabaj and bija. It seems to have an aversion for basic rocks 
and for the caloitio and dolomitic marbles. On the other hand, a 
certain marked pToCercnco of bamboo for epidiorito is noticeable, 
and it also thrives well in the ferruginous sandstones of Himgir. 
The highly quartzosc rooks support a rather stunted assemblage of 
trees, some of whi(ih have pale barks, the characteristic species being 
Odina wodier, Stcrculia mens. Gardenia, P’iaus, Euphorbia, eto. 

In addition to the forest trees, the mahua {Bassia latifoUa) is 
to be found cultivated in largo numbers in every village. Ite petals 
serve as food, while the seeds yield a useful oil. Several kinds of 
grass are grown for use in thatching the roofs of huts; the sabai 
grass {Tsoheemum angustijolium), which grows in the area south of 
Rajgangpur and the adjoining ports of Bonai, is exported to Calcutta 
for the manufacture of paper. The husum tree (Schkdehera trijuga) 
is important for the production of lao. The fruits of mgr(i>aUin 



6 


GEOLOGY OE GAJSTGPUE STATE, EASTERN STATES. 


{Tennimlia cJiehula) find iiRc in tLo tnnniiif? iiiduHtry. Tlu* UmhUt 
leaves ol the saplingM of Janulu {Diospi/ws mchnoJiylov), are (’olli’(‘U'<l 
early in buminer and Uhcd loo.illy or OApoit-cd for llie ninmif.n*iure 
of ‘ becdioB ' (tobacco wiappcd in Ibese Iciivch) extniHively sinola^d 
by the pco 2 )lc of India. Mangoes and tamarind arc grown foe Uieir 
fruits. 


PHYSIOORAPHY. 


This region constitutes an undulating country of varying jjbysical 
aspect. A good deal of it is a plain with an average elevation of 
700 to 800 feet above soa-lovel. Along the northern border is the 
■Ranchi plateau. The north-western and soutli-eastcrn portions are 
hilly. 

A belt of country running oast and west through the middle 
forma the plains which are made up of granite and the softer mica- 
The laliis schists. The granitised schists around Siiudar- 

^ ■ garh and to its south form a uniform low 

plain and similarly the greater part of the Gangpiir antiolinorium. 
The harder rook-bands traversing these plains form lull ranges. 
The granite region from Sundargarh northward forms a rather 
undulating plain sloping down towards the south, and joining up 
with the granite plateau of Rauchi to the north. 

Along the northern border, the western part constitutes a granite 
plateau which is physiographically a pari of the extensive Jtanohi 
, plateau. The average elevation of tliia is 

ran paeau. about 1,200 feet. Its boundary with the mioa- 
schists to its south-east is generally marked by a noticeably abnijit 
descent, as may be seen west of Taiga. The border region of th(i 
granite and mioa-sohist is generally hilly. 

The mioa-schaats include varieties which are highly quorfcKoso 
and hence resistant to weathering. Such bands and others of quart- 
zitio nature are mainly responsible for forming 
to h hills. The orush-oonglomerate horizon 

opograp y. forming the southern border of the Oangjuir 

antiolinorium as well as the various zones of quariz-scliist form tlui 
highest hills of the region. Next in importance are the carbonao(*ous 
quartzites and epidioiites which also generally form weU-markocj 
ranges. 
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Tlio liigLeat points or peaks in the area are tte following : — 


Lat. Long. 


Hidrapahar (2,1)09 ft.) 

. 22° 

3' 

: 

84° 

36' 30' 

Bainlopahar (2,408 ft.) 

. 22° 

y 

30°: 

84° 

SO' 

Poiik -nost of Jora (2,330 ft.) 

. 22° 

1' 

30': 

84“ 

38' 

Bhauaniunda pahar (2,234 ft.) . 

. 22° 

2' 


84° 

46' 30° 

Alupahar (2,172 ft.) . 

. 22° 

30' 


84° 

16' 

Burtaparbat (2,146 ft.) 

, 22° 

27' 

30°: 

84“ 

5' 


It will be noticed that the former four are on quaxtz-Bohists and 
the last two are on epidiorite. 

The topography is of the relict t 5 ^e, being controlled by the 
hardness and resistance to weathering of the various rock formations. 
It is easily seen that the structure has also a marked influence on it, 
for the linear trends of the hills foUow the general strike of the rocks, 
though the prominence of the hills depends essentially on the hard- 
ness of the individual rocks. 

Drainage. 

There are three large rivers and several attendant tributary 
streams in this area. All these flow across the general strike of the 
formations from north to south, though they are in several places 
deflected by the hard bands in a direction parallel to the strike. 

The Ib river rises in the Jashpur State to the north-west and 
enters Gangpur near Telijor (22° 21' : 83° 59'). After taking a 
broad curve, convex towards the cast, it flows past Sundargarh 
southwards, ultimately to join the Mahanadi in Sambalpur. The 
major part of its course in Gangpur is through granitic rooks avoid- 
ing the uneven mioa-sohists on either aide. Its tributaries are the 
lohha, the Baisundar and the Sapai, besides several smaller ones. 

The Sankh river traverses the Ranchi plateau before entering 
tliis area, and flows in a general south-oastcrly direction across the 
Gangpur anticlinorium to Raghunathpali. The Koel comes from the 
north-east and flows practically parallel to tho structure up to Raghu- 
nathpali where it joins the Sankh to form the Brahmani. This 
latter river flows thence southwards through Bonai and other States 
of Orissa and ultimately empties its waters into the Bay of Bengal. 

The softer schists in tho region easily form a thick mantle of soil 
which is in places so extensive that the solid geology has to bo 
interpolated from the exposures available in the neighbouring places. 
This is especially the case in the eastern end of tho anticlinorium 
where considerable difficulty was experienced in makiiig out tho 
structure, 



CHAPTER Tl.— PREVIOUS WORK. 


PRIWIOUS LITERATURIS. 

The following papers deal more or le.sH direoMy witli th(j geology 
of the area under desuriplion. They aro given in chronological 
order below : — 

1865. G. H. Saxton, — Note on speciitions of coal and iron from 
Gangpm. Jour, As, Soo, XXIV, pp- 186-180, 

364-355. 

1871. V. BaU. — The Raigarh and Hlngir (Gangpur) coal-fiold. 
jRec, Geol. Suro. Ind., IV, pp. lOJ-107, 

1876. V. Ball. — The Eaigarh and ITingir ooal-licld. jKco. Oeol. 

Surv. Ind., VIII, pp. 302-121. 

1877. V, BaU. — On tho diamonds, gold and lead-ores of ilni 

Sambalpur district. Eeo. Geol. Suro. Ind., X, pp, 
186-192. 

1881. V. BoU.— A mamial of the Geology of India, Part HI- - 
Economic Geology, pp. 90, 305, 200, 400. 

1884. W. Xing. — On the scloction of site's for borings in the 
Raigarh-IIingir coal-field. First notice. ItcG, Geol. 
Sun, Ind.f XVJT, pp. 123-130. 

1886. W. King. — Sketch of the i>rogrc88 of geological work in 
the ChhattisgaTh division of tho Central Proyinoca, 
Reo. Geol. Surv. Tnd., XVIII, pp. 169-200. 

1886. W. King, — ^Boring exploration in the Ohhattiflgojrh coal- 
fields. Reo. Geol. Swru. Z«d., XIX, pp. 210-234. 

1901. F, H. Hatch. — ^Report on the auriferous quart i^iies of 

Pahardiah, Chota Nagpur. Mem, Oeot Surv, Irul., 
XXXIII, Pt. 2, pp. 68-71. 

1902. C. L. Grieabach, — General Report of the Geological 

Survey of India for 1901-02, pp. 10-13. 

1903. T. H. Holland. — General Report of the Geological Survey 

of India for 1902-03, pp. 10-14. 

1904. J. M. Maclaren. — The auriferous occurrences of Cliota 

Nagpur, Bengal Rec. Geol, Surv. Ind., XXXI, pp, 
69-91. 


( » ) 
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11)00. li. L. Kcuihh*. Munpn«‘.Mo on* of Itirlin. 

Mvm, (ivaf. Sun\ lad,, XXXVII, p. <*!.%. 

1000. T. If. Holland. (Ii‘n<‘ral Haporl, of Hn* (IcMiloKioal Sunoy 
of Irnlia for IDOH. AVr. ftml. jSxtr, fttd,, XXXV I II, 

p. 

JOJl. \j. L. Fcrmor. NoIoh on lln* inanyaTU'Ko on* dojtosils of 
Clanppur Hlato, Honf^al, and on llu* dirtlribiititm of tlia 
(ilondilo aorloB in India. AVf. Sin‘r. ItitL, XfJ, 

pp. 12-ai. 

1910 . L. L. Ki'mior. tSoinc piol>I(njiN of on* immk" is in Ilia 
Anlnran.s of India. ( I’la.sidaniial .uldn'sa <<» Ilia 

Cilaolo^y Saalion, HixHi Indian Saianaa ('oin;n*.s.s.) Phm'. 
yi.t. j^or. Jii'tiff., N. X. XY, p. aljvxxi. 

1925. Fj. {^pancar. Albiia and oth<‘r aidliVania iniiiarulH in 
limasiona from Banpjal. Mhu'rnl Matj.^ XX, pp. HIIO 

(Jencral IlaporiH of ilia Oaologiaal ^urva}^ of India for flu* Huraai* 
sivo years from 1028 to 1 993 : 


V. Ball. 


1020. Upc. Oeoh Ind„ LXil, i>p. Ofl-OH. 

1930. Op. cit., LXJIl, up, «2.8K. 

1031. Op. cit„ LXV, pp. 73-75. 

1932. Op. cit., LXVJ, pp. 83-85. 

1933. Op. cit., l.XVir, pp. 03-fi0. 

1034. Op. at., TJCVIIT, pp. 81-82. 

The geology of tlio region was first stiuliad in connection wif,Ii Hie 
economic mineral dajJOHits, as has been the on so with nuuiy of.bar 
arans in India. iSaxtou’w account of flu* oaaiir- 
raiiao of coal in Hanginir draw flu* altanfiou of 
the Oaologiojil Rurvny Dapurtmaut to tliiw aran. Hall aimthictad a 
preliminary Hurvay in IKK) and raaogniHtfl the prcucnoe of tho 
Talchirs, Baralcars and Ilingir sandHloiiau. Ho aI«o rccognini^il an 
older scries of rocks vrliieh, he referred the Vindhyanu. In hii 

accounts ho described the different coal expoHures and genemlly 
indicated the distribnlion and extent of the coalfield. Tins was 
followed soon after by a bore-hole exploration by W. King with the 
assistance of Hiralal, Wo have therefore 
fairly complete information about the Oond- 
wanas, which however have not been included in the present mapping, 
though a few observations made in them along their junction with 
the metamorphics ore recorded hero for the sake of completeness. 


W. Kbuf. 
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GEOLOGY OF GANGFVR iSTATK, KAUTf'JRJ*} STATFIS, 


SortiP rui'iifmn' oT MiliMilioii wjih .icconltMl h> ir^finn 

and Llio Jidjoinin^ pju'l.s nf f'lioia Naj»pnr fluriiij' «m' sjkih aflor iln* 
iitn(‘ <»f l,lip j»oUl boom junl. al> tlir diiwii <»f 1li(‘ 
Macjlarcn *^*”*^** '*”** proa<Mil. (M'liiury, I<\ U. lliitrh n'porlod on the 

{'(old ocoumnicp at Paliardia, wliioli lit'N ati th«‘ 

north-oast(‘nimoHt coruar of tlia aiva uiid('r ilcscripluiii in llu* pranant 

meiuoir. Later, K. II. iSmitli and .1. IVl. Maiilanni eondiieb'd an 

examination of the area for {fold. They re(u»jfniHe<l Uie <^(Miertil roelc 
forinatioiLs here ilh helorij^ing to the Dharw'jU’M. (/rieNhaeli, in hla 
annual report of tlie Goolojiiical Irlurvey of India for llie year l‘.)0l 0li 
(p. 10), baa given an extriu't from J<\ Jl. Sinitlda progreaa r^'ptirt 

of that year’s work : — 

‘ The geology of tlio area is vory simple ou the whole. Tho rocka (‘ousisti of I ho 
Hchistfl and slates of the Transition System, with a vory const ant onat ami woati 
strike, and dip varying from vortical to 60®N. At the same time Ihoro is a good dcMil 
of local OCTiahing of tho bods with frequent ovidonco of faulting on a limit ed scale. 
In the hilly oonntry the rooks arc travornod by woll-dollnod sets of cleavage aiul 
joint planes . , . ,Tho moat common typo (of rock.) is a soft gmenish elay-slato, lucidly 
stoatitio or sandy. Tho harder ittcka consist of chloritii*, micaceous, hornbiciidic 
and haimatltio schists with thin bauds of conipoi't folsite. They sliou, uuder tlie 
microscope, signs of groat oruslung and motaiuoiphisin, having n goninal cfiiiliorilic 
appearance, with a few strings and trails of mylouitk* ipiurtai fragments anil ininnlc 
crystals of ohlorito or mica, and some secondary calotte. Occasional beds ol 
compact dolomite occur, and also bands of segregated hicmatito and quartz- 
hBQmatito breccia, in tho alatos.’ 

The above conoiae, thougli sketchy, descripi.ion of the gi‘ob»gy 
was followed by one, more cojnripreheuHivo and detniled, by d. M, 
Maolaren in connection with his description of tlie gold o<’curT(‘ne,es 
of Chota Nagpur. Elo wrote* ; — 

‘ The groat bulk of the rooks of tho auiiforous country miist bo luwigned lo the 
Atchsoan Dharwarian Scrioa, formerly inoludod in and known us tho Transition 
Series, so largely developed in Southern Peninsular India. 'I’he eorn'luiion of tlio 
Chota Nagpur rooks with those of Nouthom India rests ontiroly, or almost so, f)n the 
correspondence of lithological oharaoters, but this oorTospoudanet* is so e(mij>io(o as 
to leave little doubt of thoir geological contemimrancity. The inost prominent 
members of the series in this area are argillitos, phyllitos, mica-sc'hists, lak-schists 
and quartzites. The first and second, appear to have thoir greatest development 
in the south of tho region occupied by tho Dharwarian series, i,e., In the south of 
Singhbhum and the oast of Gangpux ; while from tho greater sohistosity of tho rocks 
of the series to the north, it is evident that there tho agencies of motaniorphism 
have been either more intense or have acted through a longer period of timo, 


> J, M. M^ftren, The anriJferouB oocurrenoos of Chota Nagpur, Bencah 
Surv, Ivd., XXXI, p. 70, (1904). ** 


ffpfl. OeoU 
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Spo/ikiiiff in ^onoral torm?, it may bo eahl that thn aimmnt of HohiHtosily is 
inv«rn(Jy proportional to tho (liHtanon from tho granitos and gnoihBOH which bound 
the Dharwarian lackH to tho north.’ 

Again he atated^ : — 

‘ Aa ono I’oBult of tho aoaaon’a work in Chota Nagpur, tho boundariofl of the 
Uharwariaii aerioa woro (jxlondod considorahlj' to tho wont and south-west, into 
tho Native States of Gaugpur, Bonai, Joshptu' and Udojjur. This area has hondofore 
boon map])<*d os belonging to tho gnoioaic aiul cryatHllino si lias. Tho greatest 
development of the schiatoae I'ocks here lies along thi* lb river and along its tribu- 
taries, mainly the feha. Though the gap of 20 miles Ijiiig between these rocks and 
those of the main Chota Nagpur mass was not briflgod, yet the latlor wore brought 
down os far as Bamra, on the Bengal Nagpur Riailway,— so far indeed as to leave 
little doubt of the continuity of tho Dharwarian series from Simalpal, in Bankiira, 
to at least tho boundary of the Udopur State, a distance of 180 miles. The maxi- 
mum breadth of tho band is pitibably about 50 miles.’ 

Though Maclarcn has clearly rorognised llio rocks in this area 
as belonging to Dharwar age, yet the presence of limestones, phyllites 
and conglomerates in the band of rocks just nortb of the railway 
for a long distance in Gangpnr seems to have led him to regard 
them as Ciiddapahs. The relevant passages are extracted below®: — 

* Prom near daraikola to Bamra and parallel with and at a distance of one to 
throe miles from tho Bengal Nagpur Railway, is a series of sandslones, grits, shales, 
limostonos, tho first containing in plooos higlily ferruginous drpof-itn, Tho dip 
of tho wholo is oxtrcmoly high, and gonorally to the south. Near Raghunathpali, 
those bods are exposed in the Koel river whoro they am composed of shales and of 
groy compact limestoneH, all dipping to tho south at an anglo of 00° and over. ' 

On tho same page, further on, a passage from an unpublished 
progress report of F. Tl. Smith is quoted : — 

* Tho saudHluno and grit is of a peculiar grey-grenumh eolnui nud it strongly 
rosomblefl tho lowosb Cuddaiinli bods in Iho Barnpahars, lo t lio norlh-wcHi of »Sambal- 
pur. Tho wholo faoios of tho rocks of bheso two lo(‘alitiifl is very Hiniilar, and il 
flooms probablo that the Bisra holt ia a band of Ciuldupah ago wliit'li has boro Iieronio 
folded into tho underlying Transitiou rocks.’ 

From the above it is clear that Maekren, led by lithological 
similarities, regarded aJl the sucoossion south of the Koel river and 
the corresponding portion further west as belonging to the Cuddapah 
system. 


* Jbid^f p. 72. 

* iWd., p. 73. 


g2 
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At ai) aarliiM' jx’i’iod, Y. Hall ludifcd ilu^ liiarsloia'!, in llu) 
vSn])ai I'ladi at Kinjinna, ^\lli(‘h lia (laacriltail utah'r tlu' ‘ Malaiuoiplur 
aorics ’ aa folio : 

‘ Tlu' Jusli M'l’lioii in tiu' tiai-l of tnimhy w liirh lluMr ii sj'hm' in lien , 

i-, 111 , it ullouli'd by ilw* (Unnmiur) Suinpiu, a liiliul.u.\ nl (In' Mbf. ('In.i' (o 
Kujnima lln‘ IkmI of Iho livi'v (Hm-Iiw'S a IhicUiUM mi ;»0 lo iiO fi‘i‘1 nl lilu«' liiiu* >Iimi(\ 
dip 40" Houlh'soulh'cafil. Uailninnatb tliiw, arc HomcMlui .iinnl.v ipMii/iict, .on] 
tlio two rocks lakon iof'ctlicr arc not unlike llic \'iiulh>iiiH seen tii'ir Padaininn 
(onilio Mahonadi). Nearer iho villtt^o, however, Uusc roclcs npiicar lo hi' mnfoiin 
able to aiul (lip under granitic fiueisHi'S, which me in close pioximil;! ; liul noiicliml 
junction is soon. A poitioii of the liinestouo is of iulcrior qunlil.^ , couliiiiiiii': licnm 
lito ; hut much of it is n stroug pure rock, which ought to |iio\i‘ vnluahlc, sliould 
ocooHum ariso for its om])l<iymont. The saiuo Uiiuwtom* is sinui iii'in ihi' junciioii 
of th(^ Sumjiai with thn Eho, whom it oceiirs in ht>ri7»ontal hiuLi, nhiiitiiig uguiiist 
a vein of coarau granite.’ 

Tlxua Ball regaril<‘d tlio limcHtoncH aa fielongiiig ia (.In* Tucl.ininr- 
phiuH tliougli Biiggosting tlic rtimilurity to tlm Vimlhyaim.* Ah hIiowii 
above, Maclarm and Minii.li, who worked 

Sir Lew ernior. ^aat, thought the Hmu(‘ zone Ixdotiged to 

the Cuddapahs. This latter view has Ix'on peraiMteiitily, tliough 
perhaps uuconfioiouflly, adopted by tlio Oeologieal i^urvty in referring 
to these limestones in the succcBsive quiiujuoiiiiiolTeviewH of tuiiUTiil 
pioduotion issued by the department ; and this, in of iho faet 
that Sir Lewis Former <‘xnmined th<* mangauea(*-oTe deposiiH nl. 
Ghoriajor in 1908 and assigned all the roeks oceiimng in the Hcction 
between Pharuadilii railway station and Ohoriujor, iuoluding tih(‘ 
maibloB, to tbo Lhurwars, as will bo soon from the extract given 
below* : — 

‘ This <Urootion (Le., tho iiorth-oast) conTifl|)oiulK Km^lily with ilio hlrikc of Die 
Dharwar sohiatfi, with which tho mangaiuwe oi'oH am iWHotunicd, and which occuiiy 
tho wholo of tho ground botwoon (larin-jlmr tnino and Dhimmdihi {(‘xccpl. wh(‘re 
thoy aro obscurisd by soil and latorito, itsolf often manganiforouH). 'I'Ik'ho f ilm i wiim 
compriso mioa*Bc'hiBtB, mica-phyllitoa, quartailUiB, and guy doloniitcH, Urn lallcr 
being oxpoflorl at tJzo crosalng of iho Hampai rivor.’ 

1 V. Ball, on the Geology of tho Mahanadi baain and ita viehiity. 2ter, (J&)L 
Ind., X, p. 182, (1877). 

* Th(i Vindhyans roforred to by Ball, in parts of Orissa and tho Oonlral ProvinccH 
are, according to tho present vlows of tho Goologioal Survey of India, to bo regarded, 
for tho most part, as Ouddauahs. They ore shown as saoh in the rooontly publishod 
geological map of India (Soalo 1 inch w 82 milos, 1982), and also in Sir I^wis Eormor's 
paper on tho ^ Mineral Rcsouroos of the Central Jbrovmoos ’ (Bsc. QeoU Swv, Ind., I 4 
pt.4,1919) 

*L. L. Former, Notes on tho manganoso-ote deposits of Gangpur State, Bonual, 
and on the distribution of the Q-ondite series In India. 0$. cti,, XLl, p. 13, (191 1). 
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of the prcHoiit survey lias been to show that all the 
ro(;ks, incliidiiifr ilu* liniestoiies, <lolomit(‘M and coiigloUKa'iitesJ, are of 
Dluirwur aj^e, beni(h>H iiidioutiuf^ that the struetiiral unit in (langpur 
is old(*r than tlie Iron-ortt iseries of iSLnglibliiim whiek has also been 
reiicntly (sstablislied as part of the Dharwars by Mr, H. C. Jones 
and Ur. J. A. Dunn. 

Dr. Dunn^ divides the Irou-ore scries in. SinghbliUTn into four 
stages, of which one, the Chaibasaa stage, consisting of argillaccons * 
rocks, limeatoncs and basal sandstone-conglo- 

Df. . A. Dunn. iQeiato, lies below his Iron-ore stage. He 
mentions discordances and overLap within the Iron-ore series, 
between these several stages. 

He would now prefer not to use the term ‘ Dharwau ’ as apphed 
to the Archaean rocks of Singblmm, and so avoid po.ssible oonfn- 
sion. He is also of the opinion that the G-angpur series should not 
be definitely assigned to a lower position than the base of the Iron- 
ore senes. AVithiu the Iron-ore scries there arc known overlaps, 
and, whilst admitting the possibility of my view, ho is of the 
opinion that the position for the Gangpur series between, the 
basal Cliaibassa stage and the Iron-ore stage is ©(jually probable. 
The structure associated with the Gangpur group of beils is so com- 
pile, ated that a final decision seems most difficult. 

With regard to the intrusive rocks, Maclaren considered the 
opidiorites younger than the pegmatites and grauites wliich he 
observeil in the valley of the Ichha jwzZa and other places. The 
reverse, however, happens to be the case. The epidiorites, which 
are oon.sidored to be of Cuddapah age, are also credited with being 
the Houi'co of the gold, for Maclaren believes that the hydrothermal 
(juartz-bearing solutions which carried the gold were initiated by the 
basi<j intrusive, a view which is not likely to meet with much support 
at the prescat day. yummaries of the results of each year’s work 
of the writer have already appeared in tlie successive annual reports 
of the Geological Survey of India for the years from 1928 to 1933. 

1 “ TIw Miixecal Djpoiiba of Eaitem Siaghbhum aud Sacra onding Ai'eaV* Mem, 
CJeol 8uro. Itui,, LXIX, Pt. I, pp. 45-48, (1937). 
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(iHOLOfilCAL SUCCESSION. 

The publi.slifd work douling witli tliiw tiroa luis bid'll of little ludp 
boyond giving a rougli idea an to the nabun* of the dilTereut roeks 
occuiTing liere. Ah the work of inn])ping ])rogreHH(‘d, knowledge 
was gamed of the aucet^HWoii of the roekw and Htruetur(‘, The 
following Heqne]i(M‘ in thu descending order ia now eaUihlished : - 

Ruc'ont Huperiiaial laleiilo and alluvium. 

r Uingir Htituliloiieii (Kamihi-KaulKanj). 

(4uudwauu syHtiim . . . •< narulcarH. 

l,Tal«lijrH. 

ITnoouJormlty.* ■ 

Ui'auii(‘, pugmatilii and voin-(iuarbS. 

( Alain poriod of diiuitrophiHnL) 

' basic ignoomt roolU) now ainphibulite and 
cpidiorlto. 

Upljer IJLarwar, Iron-oro aori(*s (? Older granite-gnt‘iHfl.) 

Alica-fiobiHliH and phyllitoa with q^uartzitc and 
^ uarbonaoeouB phylhlo zones. 


blioarod oonglomcrato (? zone of UiruHt)- — — 
(ilaghunathpali stagu). 

r Muiu-sohisls and phyllit<>H wii^h a zono (d carlm- 
I niuM'ouH rooks. (Laingor utagu). 


Middle Dharwar, (kjigjjur H('rieB -i Dolomitle marble I (^hmitrapur atage). 


Mlua-sehiats and phylliboa witb a zono of oorlK)* 
naooous ruuks. (Ivunmrmunila atano). 

.PhyUltes with gonditio rookfl. (Ohor&jor Htagi*)- 
(Thwo not soon.) 

I have proposed the name Gmgyuf serm^ for the aHseinhluge of 
"beds found in the Gangpur anticlmorium and its wpBt(*m (‘Xteusion, 
Qondiies. comprising the mombers given in the above 
table. The oldest ro(ikH, which occur in the 
centre of this anticlmorium) are phyUites and mioa-schists conbaining 
thin beds and lenses of gondite rocks very similar in nature to those 
of the Central Provinces. Their exposures arc restricted to a small 
number of places with Gobira as the easternmost, and Ghoriajor os 
the westernmost occiiirenoe. 


’ iJec. Oaol, 8urv. Ind., p. Q 4 , ( 1933 ). 

( 14 ) 
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After an interval marked by nuoa-scliiflts, appears tke lower 
carbonaceous pliyllite zone, which has been found to be of great 
help in deciphering the structure of tlie region. 

Carbonaceoufl phyl- jg found right around the anticlinorium but 
lies and marbles. Ixiooines indistinct Imther west. This is 
followed by more phyllitoa which are overlain by the marbles. The 
lower portion, in general representing more than half and nearly 
two-thirds of the total thickness, is of dolomitic composition, wl^e 
the upper portion is mainly limestone with some minor magnesian 
bands. I’his mar})le zone is much broken up at the eastern end of 
the anticlinorium but is a fairly conspicuous and very important 
zone ill middle and western Gangpiu*. Indeed the occurrence of 
this zone in the western area (near Lifripara) has been of great 


importance in deciding on the age of the associated rocks there. 

This is in turn overlain by more pliyllitcs and an upper carbona- 
eoons zone. In several places the carbonaceous rocks have been 
invaded by sills of basic rooks of laier age, in the anticlinorium. 

At the top of the Gangpur series is the well-marked zone of 

crushed and sheared conglomerate, seen over a length of some 60 

miles from "Kolpotka and Sirka on the east to 

Sheared con^Iom- ^agranga near Ghoriajor on the west. On 
the northern side of the anticlinorium, this 


zone is marked by less easily distinguishable and impersistent quart- 
zite bands grading into quartzose mica-schists. 

It is not quite clear wliich portion of the Iron-ore series is 
represented here — whether that above the banded haematite-jasper 
or below it. Probably it is the lower portion. 

Basic locks. comprises all the strata above the zone of 

crush conglomerate mentioned above, and some bands of quartzites 
(including conglomerates and grits) and carbonoccous phyllites. The 
carbonaceous rocks however Jo not form very definite zones but 
are only locally developed. In the northern area, including that 

to the noHli of Lifripara, there arc several bands of basic rock, 

appearing as sills in the series. It is possible that in the north-east 
there are also contemporaneous lava flows and perhaps even tuffs, 
but in an area so much subjected to folding and metamorphism, 
the flows arc ditfioult to distinguish from sills. In the south-east 
also there arc a few sills in the Iron-ore series. 


The basic rocks increase in abundance towards the north-east 
end of the area, i.c.) in the direction of the Dalma region in North 
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Miii{^UbUuii). The Ualm.i lid,ph, of which thi\,i' aic iimlouhlcclly 
the exh'iisioiiH, have l»<‘ci\ assitfiu'd io the top of the h'ou ore seiiew 
by Dr. .), A. Jhunih vvlio haa also shown lhat lliese roel:,', in North 
(Singhhlnun arc inaiuly (jt tin* natiiH* <»! (lows luconijiaiiied some 
tilings by pyr(K' la sties. 

Theie are a few small patehea, aioiind dura in the south eastern 
part of this area, of pink j'ruuitic f;ncisHes which nj)peur to be intrudi*!! 
into by opidioritoH. ^J'ho field ovkhmee is rather ineonrlusivc. Th(‘y 
however appi^ar to be of a aoniewliai dilf(‘r(‘nt nature to the other 
luassos of pfrauitc found more to the north. Jlonce they may be 
tentatively considered to represent an older {granite. 

All the above belong to the Dharwariau age, sinoe they havo 
been subjected to the intense folding and regional metamorphism 
Qranlte which took place towards the close of the 

Dharwarian era. But the largo granite masses 
of Ranchi with thoic extensiona in Gangpur, inchiding the throe 
separate bosses, as well as that in Bonai, of which only a very small 
fraction is seen in the south-eastern corner of the preaent region, 
all belong to a later ago. Towards the margins they allow compoaitc 
and hybrid gneisses and havo granitised largi* areas of old luiea- 
sohiatR. They are the cquivulen(/R of, or an* ideidical wifli, Lli<* 
granites of Singhljliuin and Keonjhar, which fSir bewis F(‘rmor coiLsi 
(icred, because of sonio dilforonces in the obsi'rved clunwters, as])OHsil>ly 
r(*i)r(‘seiiting rocks of different periods of iutrusiou’^. Bui, ho far 
as the preaent ar(*a is coiioeriied, all tlie granites and giu'isHCs, (‘xeept 
for the few cxjiosuros near Jara, seeju to bo of the same ago, and 
that younger than the period of diaatrophiam at the close of the 
"DharwarB. 

There are no formations to fill the enormous gap ropTOsented 
by the ages between the Dharwors and the recent deposits. These 
latter consist of superficial alteration products of the rooks and 
comprise laterite, soil and alluvium. But in the south-west o(‘Cur 
rocks of Gkmdwana age, to the borders of which the present mapping 
was carried. The few observations that were made on those Gond- 
wana rocks, comprising here the Talchirs, the Barakars and the 
Hingir sai^dstones (Kamthi) are, however, recorded in the prosonb 
memoir. 

* J. i^JDun^ Qeobgy of Nbi'th. Singhbhum inoludiax peurta of RimoU and Manbhma 
dJntrlale, Mem. OboI. Surv. Jnd.t UV, p, 12, (1929). 

« T. HbUayi, <feny ;al Itsport of the ^olo^esl Suryey of India for 1008. ifeo, 
flfaol. Butv. Xnd., XXXVUI, p. 18, (1909). 
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(iliOLOdlCAL STRUC'IURIi. 

A jfi'ncrul r(>vi(‘\v of the Htrucinnj Ih enable the 

rejuler to f^ranj) the e.^Koiitial foatures of t]i<* area. Tlic details of 
the (lisinbution of tlie dilTeretii Hiraligraphit'ol units and their 
eharneters will he giv<'n in hilei* clmj^bTH. 

Wtruetu rally tiie anai can 1»‘ divided into two major divisions, 
whicdi Tonghly corresjaind to the geological units. Of these the 
first is tlie (hmgpiir aiiticlinoruini extending 

AnilcHtioiI.nii. 8. W. direction from the 

tSinghhuin border on the etust t.o tho Samba! pur border on tho west. 
All the members of the (hingpur series are eontamed in this, but the 
two enrboujieeouH ^sones witli the nuirldi* ;5one between tliem ore the 
most hidpful in showing lh(‘ gtiK'ral beliaviour of the outcrops. The 
southern limit of this woit's eoineides with the llaghunathpali cong- 
lomerate whieli lies jiarallcl to, and at/ a short dist/anec north of, 
tlie railway track. The anticlinorinm i)iti'h(>s towards the east 
ami l.he ])iteh ])henotnena are best He<‘U all along the easLem 
exposun's of t.he older (‘urbou-phyllit/e zone. This shows a series of 
jvpeuted foMs, the Houtheriiinost two of which pass into sliear- 
fanlt-M. Tli<‘ pitching phenomena are also He<'n in th(‘ marbleB and 
t)»e younger carbon pljyllils's, but mily at a few places arc they 
exposed well without interference fi'om soil cover, Tlie influence 
of the pitch of this structure is also seen lu'arly as far out as Anandpui 
in Hinghbhuin, Tlie (‘astern end is th(‘reforo a closed Btruotuie 
where every oiio of the numibers of the Oangpur soricfl can be traced 
back from one limb into the other, iti spite of tho widespread soil 
(iover. 

Tho floutluTiL limb can bo traced up to Laingar wherefrom it 
prooe(idfl further west, but is folded back and again forth, finally 
continuing in u W. S. W. direction to as far as tho Ib near Bhaama. 
Tho northern limb is more highly coinpressod and is also truncated 
or pinched oat to tho west. Tho woll-marked synclinal fold^ at 
Duhlabera and Saromohan is easily noticed. Its northern limb 
is th(i reflexed northern limb of the anticlinorium. It is again bent 
back as the southern limb of tho Dublabera synoline but can be foUowod 
only for a few miles westward where the individuaUty of the beds 

( 17 ) 
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is lost. The north-western boundary of the untieliiioriuin is <Ullicult 
to trace because of the int(‘nae (‘onipreMsion and partial pinching 
out of the upper beda (iucludiiig probably a HUiall i).u't rif 1,he Jrou- 
ore series) which inay liu\'e been brought about by the intruHioti 
of the gi'anite batholith. Kuidher lUKa'rtaiuty is due to the presence 
of two granite* bosses which have (suiiplelely disphu’ed f[ie origiunl 
schists. 

lu the southern limb t.iuM'e is whal ap[H'arH (o be a comparal iv**Iy 
small doidde knee-bend iti the neighbouvliood ot the IVlahahirpahar 
near Purkapali. This is well seen in the sheared eoughaiierate 
band. It will Ic noticed also {>hat the luarhlt* banil here is exeejj- 
tionally wide -over a luUe whle in fact— and this is obviously tliu* 
to this close double kink in. it. In the (Ihoriujor region, th<‘ etuig* 
lonierato zone is seen at Amasranga, the inarbleH along tl>e Sapai 
nadi^ the carbon-phyllite (evid(‘ntly the older zone) at .larnuil and 
the gondites ot Ghoriajor and Manoinundu. B('youd Olioriajor, 
only the marbles arc traceable with certainty, tdu' otlu'rs being 
inconspicuous and perhaps ohscured by, or lost in, tin* (‘xtensivo 
granitiaation. 

Aft(‘r an Interval of a few miles, this sej’ii's, of which the intrU’ 
sivo granite has obliterated the indivuiuality, can again be triieed 
from u<‘ar Hurgipali west- north-westwards U» 
Harapgarh and beyond, Tlio two bouiularicH 
of the series s«*om to be the large hills of mieacc'ous ({uartz-Hchists 
on each aide of the valley of the Iclihu mlfi. The southern boundary 
is gradually overlapped by th<s Ihirakar rocks in a westerly direc- 
tion. Inside this area is a thin band of dolomitio marbles exposed 
at Lifripara and Surguxa, which probably reprcBents the core of an 
anticline, for neither gondite nor the carbonaceous zones are to ho 
seen here. 

It is also to be noted that the Qangpur Beries, whidi has a general 
E, N. E. — W. S. W. strike in Idie area east of the Ib, shows a veering 
Strike. voTina. to a W. N. W. -E. S. E, strike beyond 

and to the west of that river in the Barapgarh 
area. It presumably cont’nues westwards, undomeath a cover of 
Gondwanas and Ouddapahs, into the strip of Dharwars in the JJala- 
ghat district of the Central Provinces. The Lifripara exposures 
reach to longitude 83® 40', while the eastommost outcrop of the 
Dharwars in the Central Provinces is found at longitude 82® 20', 
The distance between the two is thus about 100 miles. 


Weatern area. 
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'I’ho rofkrt HiUToiiiKliti^ tho aniioliuorium aud tlioae to the aorth 
of the Jiifripiir.i hLji}), all bcloug to the Imn-ore aeries. The north- 
eaHt(‘i’tiiiio.st of theae ia full of basic hiIIh 
anASoduiiu”*^**'*^ (perhapa including flows) and becomes very 
much coniprcaacd aiifl constricted when 
followed \s cst wiii'tis, This is well aceti in the narrowing of the basic 
sills and of thi‘ intervening pliyllitcs when followed from east to 
wi'st. The seri(‘M <jf nicks exjM»sed at the ensteru end comes to 
oc<*upy b.irely a third of its width near the border of the granite. 
In Ihi.s htrip (h(‘i‘c is tnort* than one <lihtin<*t fold, a synolinnl axis 
pusMirig thnnjgh rarhn and 'I'arg.i. 'I'lie general southerly dips 
in the n'st (if th(‘ area may he due to tin* jinw'nee of tightly packed 
isoclinal folds. 

Kurthcp W(‘sti, in tin* granite mass, there arc* bands of mica-schists 
und of biindtsl gn(‘iss(‘s which sec'm to have preserved the structural 
disposition of the original scliists. Th(*ri‘ an* indications that the 
^ralsara and tin* Bandcga bands of granite* ooeujjy anticlinal struc- 
ture's, while tlio strijf) of schists In wliieh th(* JJurhuparbat lies forms 
a well-marked syiiolinc. 


SANOtbA (iURHA CASEtAT TALSANA 



MITA SCHIST tPIDIORirC GRANITE 


Fig. 1,- -floc'tion aorosa 1 be fimnito plateau from Talsara to Bandega. 

Still fuTtih(*r west, i.c., beyond the Talsura granite area, ia the 
disseott'd high land north of Lifriparii. This shows a succession of 
pliyllik's and mica-Hohists with a few opidiorite sills, all thrown 
into folds. A shear ;4one, apparently extending from Matipahar to 
’Kinjirlfola, traverses this in a direction more or leas parallel to the 
strike. 

The eastern end of tho anticHnoriimi pitches -under the succession 
of the phyllitos of the Anandpur area. These phyllites are to some 
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oxtuuO iiReck'd by the jutclu'h ; bul lurllicr out, fioin tio.u* tlic cuui’m* 
(if tlio Ko(‘l TivtM*, })(*giii to u.ssuinc the K, N. K. W. 1^. W. 

hliiko. The baud of (jfiiiu't/Jlo wliidi Htrikch N, N. K, Iroiu llii‘ 
(kinfFjUir-llauclu-Siuffhbiiiiiri trijiinolioii scc^iiw lo jiuirk a fold 
fault; in any ouho it sooms to Jiavc no conuoftion vvilli Ibo 
iiathj)ali cou|flonioral(‘ ^couo. 

To the aoutii and Hontb-(‘UHt of tbo anliciinoriiun llu* ])liylih<‘s 
allow a niarkod ayncliiui wIioho axis piiHSCH roughly througli Muudajor 
on the caat aiul Uabga in J^anira Htat(' on the 
out -eaa ern area. ('xtcudiug furlhor out at liotli eiidR, 

Sharp minor foldu are J!re(^U(‘ntly sc(mi in the area aouth of Kaliiiiga, 
Ono particular feature to which attention may br called, iw a nouth- 
word buckling of the folds in this area, clearly seen in llu‘ eaThon- 
phyllito bods around liangamati (22*^ 2' : R'l® <10'). Tlusse show a 
marked bend, convex to the south, in the region of longitude W fiO'. 

The generally prevalent southerly dips in praetirally llu* whole 
of the anticlinoriujtn proper (excoiit tlio northern bord('r) which 
change slightly to K. S. W. at either end, show that the rocks have 
been subjected to very close iHoclinal folding. 


On the nortli-west, tlu* beds have be(‘ii fold(‘d tightly back on 
tlicrnselvcH. Iilxc(*pb in the south and south-east. wln‘re low (lip*! 
prevail, the dips are generally quite steep. 'Plic greater purl of <lu» 
area must therefon* have lH‘c‘n Huhj(‘Ct to iiiic'iise pi’(*Hsiir(‘M in a 
nearly north to south direction (luring a period of orogeiisis, followed 
by the invasion of the granite batJiolith, During the compfessioji, 
attended undoubtedly by slwuriug phenomena, the hard rocks- have 
been crushed, while the softer ones have been milled and transfoimed 
into jfine schists. fcJomo diflerontial movements of larger or smaller 
magnitude are also Hlcely to have taken place, espeoially along thi* 
shear-zones. So that the Raghunathpali conglomerate zone on the 
south and its equivalent on the north (quartzites aixd micaceous 
quartz-schists) very probably mark a zone of difforeiitial inovemenb. 
It is also to be remarked that, sinoo the beds involved are 
very steeply dipping and in places nearly vertical, and siuco the 
rooks on both sides of the shear zones arc lithologically similar, 
the evidence of ovorthrusting and overriding is practically impossi-* 
ble to detect. 

A sketch map showmg the connection between bho different 
outcrops of the chief formations in the antiolinoriuin is given in 
Plate 18, as it is hoped that such a simplified map will help in 



GKNERAL GEOLOGY. 


21 


iiiidorjiaucliiig llu‘ p;<‘<)logiral roap more r«‘aclily. Sections across 
the siructnros arc also piven wiili the geological map, Plate IS), 

FauUs. 

It has already Ix'cMi auuge.s(<Ml lluil llic lvHgluumtIij)ali conglo- 
incraLc' zone in paitanilar, and yuwsibly some o[ the other gritty 
and conglomeratic bands, may indmate zones of thrust ing and shear- 
ing. In addition to these* there are a few distinct bands of fault 
breccias enumerated below, which seem to indieate zones of faulting. 

1. An E.-W. trending hilloe-k a mile to the north ol Haudoga. 

2. The Matipnhar and hill to its east, on the Jo^hpiu border. 

li. From Sundargurh north-westwards to Patrapali. 

^1. From Tinkiira In Rainda through Mangiispur. 

5. Chush<‘d pegmatite zone passing through Kinjirkela. 

These fault hreeeius are <le8cribod in a later cJiaiiter. 

The jjit<*hing eastern end (»f the anticlinoriuni shows two shear- 
fault s in the lower eurbonaceous phyllites near Rulcedega and east 
of Kumamiunda. 

Ljistly may be immtioned the portion of Lho course of the Sankh 
and its two tribxitaries on cither side, whicli tog(ither form a remark- 
able straight line between Dhondijor (22° 20' 30" : 84“ 10') and 
Wangmlipu (22° 29' 30": 84® 21' 30"). This may be a fault lino or 
perhaps m(‘r(‘ly a major joiirt. 



(JJIAJTER V.- OENEUAL GlEOEOrjY- ronfd. ('OliHKI.A'PlON. 


RELATIONSHIP BETWEEN I HE OANdPllR SERIES AND THE 

IRON ORE SERIES. 

Tho (jlaii[j;pur nmoH is summiuJod ou all side's by the uiica-scliisls 
and pliyllit(‘S of the Iron-ore seiie's. In llie nortli-(*ast-, it., near 
Hutbibari and furl her nasi, the nuirldes and tin* yoiin^eT earbon 
phyllitcs aasume a Hoiitherly dip, which is appareiiMy din* (o an 
overfold. Hence the members of the Jron-ore series look as if they 
underlie tho caibon-phyllite, thougli a few miles ftiHlier west the 
normal order of superposition is 8C(in. Further north t-he Heri(‘s is 
sharply folded. 

At the eastern end, the Iron-ore* series overlies the pitch inj; 
locks of the anticliiiorium with oonfoi-jnablc dip. Tin* (*ll(‘ct of tin* 
pitch (pradiiolly dies down hy about louKil'ude 85" 15'. In tin* con- 
fused mass of lulls of the Auandpiir re^'ion and tin* (lanj^inir 8inp:h- 
bhum border, the individual beds are not eli'arly delineil (liou{.^li 
there are sufHcient indieations to eunhlc us to make out ilic slnictiirc. 

In the south-east, the steep dips of the Itiif^hauallipali eon^lo 
merato are continued for a few miles to llu* soiiih wln're n synelitie 
intervenes, beyond which hteep north-north wt'slcrJy dijw pn*vail. 
Tho centre of the synelhic sliows roi-ks with nearly verlhjal dips. 
Further cast, in South ►Sinf^hlihimi, th<*re are beds of banded haoma- 
tito-jasper, which secern to overlie these presumably overfolded 
phyliites. The sequeneo of bods in thi*. Houth Riuglibhum area is 
ifloclinally folded, a-s will be Been from the map accompniiyinff 
Mr. H. C. Jones’ memoir^ describing? this* area. Thoj’o are some 
Btrilring lithologioal differences between tho Gangpur aeries and the. 
Iron-ore seiiee ; 

1. Gonditic rocks occur in the lowest horizon in the former. 
They occupy a fairly defined stratigraphioal position. 
In the Iron-ore scries there are, so far as our knowledge 
goes, locally manganiforous shales, from which manganese 

^ &eol. Siirv. Ind>, JJXSU, Pi. 2, (1934). 
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ores have bi'oii sof^regHWl {e.g.^ at Tutiigntti noar 
OhRihiiHn and al Rara Jaindu and Baiabil on the Ringli- 
blmm-Kcoiijhar bordor). Tlicsc slialc horizons moreover 
do not belong to stratigraphically identical horizons. 

2. There are Iavo ]uTsLsl(‘nt liorizons of carbonaceous phyllite 

in the (iaiigi)ur aeries. Thougli riioh rocks occur in the 
Ii*ou-on‘ seriea they uro of eomp-ara lively local develop- 
ii\(Mit and ari‘ not seen cotdlnuonsly for long dLstanoea. 

3. The cdlcilie and dohnnitic nuiiblea again form a very definite 

atratigraphic unit in tlie (faiigpur aeries. In the Iron- 
ore series there are liniestoiU'S and carbouaceoua shales 
only l(»oally developed near the btisal portion. This is 
similar, for insf-ance, to the occurrence of the limestone 
and calcareous phyllite hand of Dhelsarii rather than to 
the main marble band. 

4. Beds of handed haemafiite-jasp<*r ar(i present in the Iron-oro 

series in Routh tSinghbhuni, whieh have no representa- 
tives at all her<‘. In North Binghbhum some haematibo- 
qiiartzites Hint haematile-scliislM have been found l)y 
Dr, Dunn hut tJiey are of subordinate importance. 

h. In the Iron ore series, fhe busie roeks have been considered 
to he mainly of th(‘ extrusive and pyrofslastio facies by 
Dr. Dunn, fn tlie Gangpur st'ries all the basic rocjks 
occur as sills. In the Iron-ore series occurring in th(> 
Ganfii>iii’ siren, there me only tin* r.hloritic conglomerates 
and grits whiedi can be said to be pyroehistie ; in the 
Hancld ])orf.ion of the present area the epidiorite bands 
do not seem to be assoidated with flows or pyroclost-ics. 
In any case, the proof that such exist is extremely diflioult 
to establish. 

If wo add to the above evidenees that of the structural relation- 
ship, there is little <loubt that the Gangpur serioH is older than the 
Iron-ore sorioa. Whether the two serios represent the products of 
a single continuous period of deposition or whether there is a decided 
break between the two is apparently a problem diflioult of solution. 
The GonglomeratK^ horizon between the two, along the whole of the 
southern border of the antioKnorium, would probably indicate an 
intraformational break in sedimentation. 
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CORRELATION. 't 

liilvo iiln'iuly Ixhmi i^ivon lor ( onsidcrini' llir Eiiii^pur 
soriPH :iH clisliiici from imil nUlor llinii iln‘ Iroii-f)n‘ lii tJn* 

juljoininp; aion i»i Soiilli Sin^lihliuni, (lu‘ lion on* si'Hcs .slioWh a 
)),iKil coiif’Ioinoriih’ mifm^ on Iho u])liirn(‘(l and (If'inidcd odf^cs of 
an nl(l('i mitIp.s (’oinpos(‘tl of f|narizi1('« and hornblnidf' m liihla, llio 
latter undoubtedly of ifj;neouH orif'in. Thin older in('ttnnor})liic 
BericH,' to ■wliicli llio name older DliarwarN may be ^^iven, always 
hIiows very steep dips and la ovi'ilaiu by varioim members of the 
Iron-orG HerioR with a profound uncoufornuty belweori. 'rhe uui^- 
iiitudo of the unronfonnity between tho (biiif^pur , ai'rie.s and tin* 
Iron-ore aeries is not known, but it sceniH to be appreeinlde since tlie 
lower beds of tlio latter are not seen. 

Tho above facts would indicate that tho DharAvans of the I'liotn 
Na^ur area may be separable into throe tlivisions : - 

(3) Iion-ore fleries 
(2) Grangpur scries 
(1) Older motamorphio series 

In the area occupied by the Dliarwars in tJie Nuj?pur-()lihiii(lwttru- 
Bhandara region of the Central Brovinecs two main divisions of tlu‘ 
rocks can bo re(JogniHed, which, oh poinbiul out by Kir I^owis Kt‘rmor,“ 


* Tills Hubjoot is doftll. with in groat iw doliiJl in Iho anlli(tr’« J'rcNidcjitial laldn'HS to 
the Rootionof OooloRy, Twenty-iKH ond Indian Koiruco (JoagrosH, ('ah-ntta, Htan, 

t Commenliug on this Hootiem, 8ir Lowis Fcnnior remurlcH ‘ There is miparently 
a profound luieomonnity between, the Older Motamuriihio serieH and tho Irou-ore HiTien, 
and unloflfl tho Gangpur sorlefl is ircated an ooonpying, to tho went, tWa Btraligraphioiti 
gap, ihoro is preaumably also a inorked uuconforiaiity botwoon tho Gikngpur aorioa and 
nio Older Motmnoi^hio sorios. ‘Whllat agtooing that tho Iron-oro aorlca and tho Qangnur 
sotlos arc tho oquivalenta of tho Dharwaro of Houihom India, T am doubtful whetlier 
the Older Miolamorphio sorieB should bo bo Inoludod. or hutoad troatod as reproseniing 
a formation older than tho Dharwara. This ia, of oowbo, a point undeolded, and tim 
author is entitled to his own opinion 

Tho Older Metamorj^o series is meamoly exposed in South Singhbhum, and in 
addition to tho profound unoonformity, there is marked difloren.ro in lithology an(l 
motamorphism between this and the younger sorios. Honoo thoro oan be no setions 
objeotion to treating the Older Metamoiphio series as oldrr than tho BhorTWars. 

Since this memoir was written, Mr. B. Eama Boo, Director of tho Mysore Goologiral 
Bepaorfement, has deeoribod (Prosldential address to tho sootion of Qc'ology, Twenty- 
third Indian Soionoo Congress) tho major iron-formations of Mysore— oorrospondlftfl 
to tho Iron-oro series — as belonging to the Middle Dharwara. Dnder his sohomo also 
the Older Motamorphio sorios will evidently be rriogatod to a pro-Bharwar ago, 

In a question of suoh oomplexity, all that oan be s^d at present is that my view 
put forward here la a possiblo one, subject to modification as more knowlodgo aeon- 
mnlatos. 


I J. A. Dmm, The Geology of North Singhbhmn, inoluding arts Ranchi and Men- 
bhum distriota. Mm. Gedl^urv, Ind., HV, pp- 14-16, (1^). 


*Sio. Qiol. Stitv. Ind.^ IiXVIt, pp. 64-66, (1938). 
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scorn to be tbo cquivalcntB ol tbo Gangpur and Iron-ore scries respec- 
tively. The older ol these two, named the Sansar scries,^ has 
been divided by him into several stages containing gondites, 
dolomitic and calcitic rocks and their metamorphic derivatives. 
The gondite horizon, comprising the Mansar stage, is hero underlain 
by two stages, mainly composed of calc-marbles, calc-gramilites and 
hornblende-biotito-granulitcs. Above the Mansar stage is a complex 
assemblage of metamorphosed dolomitic rocks and basic igneous 
rocks. A general oorroapondeuco of the Sausar series with the 
Gangpur scries can thus be seen. In the triangular area in the 
Bhandara district, to the south of the above, there is exposed a 
series of rocks, also of Dharwar aspect, but generally composed of 
phylHtos, haematite -quartzites, shales, cto. This, the Sakoli series, 
bears a resemblance to the Iron-ore scries and may be considered 
as its equivalent. Tlie Sonawani series of Burton in the Bala ghat 
district is th<‘ equivalent ol the Sausars while the Chilpi Ghats resem- 
ble the Sakolis. So that, in the belt of Dharwarian rocks blretohing 
from Singliblium on the cast to Nagpur and Chhindwara on the 
west, the more northerly areas in general belong to an older bcries 
and the southern areas to a younger series, the younger rocks here 
and there overlapping the older ones, 

Between the Dharwarian tract of Jubbulporo^ and that of Chota 
Nagpur also bh(‘re is a great deal ol simUarity. In Jubbulpore also 
calc- and dolomitifj marbles, manganiferous rocks, banded haematite- 
jaspers and opidiorito sills occur, so that the equivalents of both the 
Sausars and Bakolis are apparently present. The structural relation- 
ships of the rocks of this region have however not been worked out in 
detail, though it is known from the work of the authors referred to, 
as well as from my own recent observations, that the very close isoclinal 
folding and ovorfolding observed here are of great complexity. 

All the above are probably parts of one huge basin of gcosyn- 
clinal sedimentation in the Dharwarian era, during which the rocks 
deposited in the difloront ports have had similar lithological rharao- 
ters. From the data available at present, it is not possible to 

^ General Boporl of tto Zoological Survoy of India lor 192d* Q6ol> Sttrv, Ind,, 
LIX, pp. 76-80, (1926). 

• 0. A. Haokot, ManUHoript report (uiipubliflht‘U)oEthoworkofthoyeason 1870-71. 

V, N. Bobo, Tho mangonoflo-iron and nionganoso ocoa of Jabalpur, liee Ocol, 
awv. Jnd„ XXI, pp. 74-89, (1888) ; XXJl, pp. 216-226, (1880). 
li. L, Bennor, The Hanganeee-ore depofiita of India. Mem. Gedl. Bvrv. Jtid,, 
XXXVH, pp. 804 et ee^., (1909), 
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GEOLOGY OF OANGPim STATE, EAHTRliN STATICS. 


stato wli(‘tlior roflcH , similar to ilio oldt'c DliarwurH of 

occur in "(lio Ccntrul VrovincoH, Imli hucIi a posailiilily (Ux'h oxiHt. 

Tlioro to 1)(‘ liltlo doiihL t-IniC the uj)|U'r two wn'icH arc' pn'sc'ol. 

ill nil tlicHC' arc'aH, from tln'ir lilliolo^iral and struotiirnl 

rt'scmldauocfl. 

Tectonics. 

From the doHcription ^^ivc'ii in the cliiipL'r on SSlriicliin' if will 
bo clour that the mitiolinnrium ooiitainH tin' oldoat roolcH of tlo' 
OToa nndor conHidoration, Tlio atriioiuro is a closc'd one on tlic 
oast, but is miicli obBoiirod on. tho west by p,ranitit' iutrusivc's. Still 
further west, in the Lifripara arou, t.ho (lati^rpur sorios is ovorlappc'd 
by younger rocks, iuolnding the (iiondwaiiaM. 

The general direotion of the fold-axes in the autiicilinoriuiii is 
E.N.E.-W.S.W,, lotifllly cliaiiging to lil.-W. TIk' conijiri'SHion has 
therefore acted in approximatedy a N.-S. din'ction. 

Along the southern and south-western liordi'r of the' area, a 
Roeond direction is prominently seen, ws,, W.N.W.-M.S.M. This 
can be soon in the laCripara area and in parts of Honai and Bainra, 
ineluded in tho map. 1’liis direetion eontiniies cawt-soutli-oastwards 
along the Muhanadi valh'y from western (langpnr and Bilasfmr 
down to tho bjash'ru (Jhat-s near (hittaeh. 

A third direetion of strike (N.N.Hl.-B.H.W.) wliieli is eharueti'r- 
istie of the Iron-ore sen-ies of South Hinghblumi and of tho roc'ks of 
tlie Masiern ({hats, is sec'n along tlio easti’rn edge of the area, though 
it is aOceoted to somo c'xteut by the strike of tho antiolinoriiim. 

In tho rooks of thc^ anticlinorinm and tlio immediate vicinity 
there arc clear ovideuees of two periotls of mowomentH. This is 
patbicularly well brought out by tho rolationsliip of the porpliy- 
roblasts to tho sobiatosity in the raioa-sohists, by the Huperjiosition 
of an epi-grade on a former moso-grado motamorphism and pcrliaps 
also by the shear phenomena soon in certain beds. The direction 
due to tho later movement is the one prominently displayi'd in tJio 
anticlinorium while that due to the earlier movement is not possible 
to deduce from the data available at present. For this it will be 
nectary to study carefully oriented sections from rooks collectod 
with reference to their orientation in the hold. 

AH those periods of compression must have preceded tho intrusion 
of the granite, for the latter has not been aFected by any of them. 
The two movements of which evidence is found in the anticlinorium 
seem also to be later than the epidiorito. 
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Metamorphism. 

In the south-ciiatorn and southern parts of the area the roehs 
have ])o(Mi Huljjectod to a low grade of metanioipliism, hut it hna 
inoj'c ink'iiKe in the aiitiolinorium. Jn the latter, tliere is 
evidence of the meso-gracle in the presence of garnet and siaurolilc 
in the nuea-sc lusts, and tremolitc and diopside in the marbles. 
Tile di'velopment of garnet- and pyvoxcne-l>eHTing hornfels in a few 
jilaces iiidirntes localised intensiiy of the phenomena. In the 
whoh* of tiu‘ antielinorinm, hoAV(‘ver, an (‘j)i-graile mebainorpUisni lias 
been s(i|)iMpoHi‘d on an euilhn- higher grade* so that the miea-seliists now 
appear as pliyllites, witii tlie development of eldorite, whilo the basic 
igneous rocks liavo been converted into aiuphibolilo and epidiorite. 

The seiiuenee of events constituting tlie geological history oi the 
area may be sunniiarised as follows: On an area undorlain by the 
()ld(‘r Dharwars tliere W(‘re laid down sedinn'iits of considerable 
tliiekiiesH. Among the* (‘arliest of ilu se wen* inanganiferous materials 
dmivod evidently from pri*viouHly exist.ing rocks. Ijator still were 
tli‘posit(‘d carboiuu'CouH clays, dolomite and limesLoiu* and again 
c'arbonaeeouH cla 3 ^s, in sneec'ssion, ordinary clay- forming in1c*i‘- 
calations between the several meinbers. Wludher (his snceession, 
wlih'h for)ns the (bnigpur H(’ri«‘s, was compressed and elevated prior 
to tli<‘ (l(*posit.iou of the Iron-ore series is not elear, but the jiresence 
of a eouglonierali* zone above the Cfnngpur seiies may be taken as 
(*videnee of an uplift. Then followed the dejinsition of sands, 
clays, banded cla'i-ts and jaHjUirs and clays, which constitute the 
Iron-ore series. C'onteuiporaiieous voloanism marked the close of 
the (*po('h in JJ^orth yiiighbhum, where, basic lavas and pyroclasiic.s 
were ejected, tongues of tlio magma penetrating the older sediments 
as sills and rarely as dykes. ITie whole of the era may be considered 
as one of gcosynclinal Hodinicniatioii becansi* of the extent and ihiek- 
noss of tho bods. Then followed an orogenio period during which the 
sediments were piled up into mountains, accompanied by the intru- 
sion of granite batliolitlis. 

Wo can only speculate upon the oxtczit of tho Bharwarian gco- 
syncline. A good deal of tho area now occupied by granite was 
probably part of tho gooaynclino. It may have extended we^t.- 
wards and northwards to where similar lithological typos of apparently 
the same age are known. 

After this Archaean orogenosiB, the Gangpur area has remomed 
dry land except for an episode of fluviatile deposition during 
Gondwana times in the eouth-westom corner. 

n 2 
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OHORIAJOR STAOI% 

Tjho natno * OhoTiajor atu^o * is liorr proposed for ilif* lowest 
portion of tlie Gangpiir aefios eompriHing phyllites, inion seliisiH and 
jnangiiniforoua rooks of Ili(‘ gondite fucdes. 
QoSuc^***^****^ rock— ipijp chsraoieristio roelfs of this staKo aT<‘ tJa^ 
gonditcs wliich oconr along the central part of 
the anticlinorinm, and extend from iioar Ohoriajor on the w<‘st to 
Gohiia on the east. 

In hia oxhanstive memoir on the mnngancse-oro deposilH of 
India, Sir L. L. Fermor has named the more moinmorpliosod niangnni- 
feroua roclfa of Dharwnr age, eonhiaiing mainly of and 

manganese silicates, as gondite.’^ Thongli lie proj)Ohed to restriet 
the use of tlio term gondile to the noii-ealcareo(iH tnclaniorjdiie 
rocks which show the aaaoeintion of (juartii, spesHattite and rliodonite, 
Toeka in which other manganifermiH silieaies are also developed 
may he convenienUy inolnded tinder the ietm gondhe Heries. 

The gondile roeka arc found over a large* truci. of country i*xl end- 
ing from nortli-enetcni Bombay to liiliiir and Oriasa, a diatnnee of 
about 700 miles, Sir Lowia Fernior has <livided 
OlBfribution In India, the ocottrroncea into three areas :* (1 ) llu* 
western area comprisea the occurrences in Karu- 
kot State in the Bombay Presidency and Jhabua in Central India. 
This is separated by about SCO miles from the western end of the 
next area, (2) the central area. This includes the occurrences in 
the Chhindwaxa, Nagpur, Seoui, Bhandaia and Balaghat diairictH 
of the Central Provinces. The width of the manganese-hearing 
series here varies between 8 and 16 miles. The easternmost ocenr- 
tence is at Ukua (21° 08' : 80° 32') in the Balaghat district whor(* it 
strikes approximately in an E.N.Iil. direction. This central area is 
about no milos long. The Bharwars boro wodgo in towards tho 
east, being covered by the Vindhyans. Tho distance between 
Ukua in the Central area and (8) the eastern area in Gangput State, 
represented by the exposures at Ghoriajor, is about 260 miles, But 

1 Mm, Gfeal. Swru. Jw?., XXXVTI, pp. 306-507, (1909). 

»^«o, G'eoZ. Bwv, Ind,, XLX, p. 20, (1911). 
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iho woatcriimoal/ o.xlonHioii of tlio accompiinyitifr Dharwars in Gang 
pur uud tlio cjujlcvnmoRt oxt(‘naion of those in Balaghat (Ghjlpi- 
ghat flcri('s) are aopariiti'd only by a distniiop of some 100 miles. 

Two ooenrrences of niangHTiehc-oTC, near Tlaianpnr and Gora- 
kona in the Bilaspiir diHlirict (the latter being some 65 miles north by 
west of Bilaapiir), have been recorded by Sir L. L. Fermor,^ but it is 
not definitely known \\heblier they are associated with gonditic rocks, 

ft has iilrtvidy been shown {we page 18) that I lie rocks in tin* 
Lipripara area in which doloinitic niurblos occur, are probobl}' 
the western continuation of the Gangpur series and that they strike 
W.N.W.-hj.H.E. The rocks of the Ghilpi series in Balaghat hav<‘ 
an E.N.E. strike, ^’he area between tin* lw(> is occui)ie(l by the 
Vindliyans and Goiidwauaa of tlie Itaigarh Wlate. It aoems probable, 
that the two Dharwar areas are connected nndernca(.h the younger 
rocks and that they can reasonaldy bt* tiakon as contemporaneous if 
not i<lentic!il. As in(‘ntioii(*d above*, the distance ac'parat-ing the 
two is just over 1(H) miles. Bir L. L. h’ermoi’ has pointed out that 
there is a possibility of repreaeiitat.ives of the Dharwars being 
present in the Aroliaoans of this intervening tract : 

* lienee it is noli imreoHouabh* to eixpeet llmt iiicml>ei’s of llio goiirliW senw, 
IKjHHilHy with oHStiehUed iiuingauesii-oinH, may ho round in Llu» future in piirlH (»J this 
diviHiou, laii'ticularly in tho Ifilosjiur tuul Drug diutdetH, aud Raigndi, and Milhless 
probability in the Haiiiur diHtriet; and also not iniprobalily in tlio iioitlicii) paitH 
of till) Hanibalpur diHluet in Hi'Ugal, immedial<*ly adjoining CJangiJur on itssoulhorii 
houiidaiy. In lliis ('oninx-iiou it is intwesli/ig to draw attention to tho discovory of 
inanganotto-orci at two localiluw in tho Bilasjmr diatriot, althougli, os far as is at 
prosont known, llu*y aro of no o<oiioniio valno and oeeiu' in a very slightly inota 
niorphoHiHl faeiea of tho Ohilpi hods’.* 

Typical goncUto is exposed in a comparatively narrow belt of 
oountiy in the Gangpur State. Tho westernmost occurrence is 
found to tho south-west of Ghoriajor, about two 
Qw^r*^***^” miles north of Kinjirma. From here on- 

Wards, frequent exposures are noted in a norths 
coat direction through Ghoriajor, Kenchual and Manomunda to some 
distance notth-east of the last-named village. 

Tho manganiforous iiione in thk group of exposures is the btoadest 
in Gangpur State, being up to about 5 furlongs wide. There are 
nine or ten large siaed quarries hero besides a number of pits and 
trenches of various dimensions. 

* Bw. Oeol. Svrv, Ind,, XL, vp. 33i>3S6, (1010}. 

‘Op. dt., XLl, p. 20 (1911). 
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FiirtlKM’ t(i tile jkiH jiK* oc<‘iinv‘]iO(‘o immt (iliiinlOur. NalJi, 
Unidili, Kluirkimuiiid.i, aiul Kluu’la. 

'I Ik' jilKkvo jii't' all in llic <‘\h‘iisi(Mi (tf llu' ( jaiitJ!|nii‘ Sfiira in tin* 
aiva ouIhuU* tlio anlidiiKH'intn. 

K(iifli(‘r on, Hiinilai* occurn'raMM li!i\<‘ hccii imO’d al I ^anflj.unira, 
Panclira, illiii'paJii and Kolnipjini, in wliirlt tin* alrilvr (»f llic 
Yi'tMM round {gradually from (In* noilh ('awl lo an raatiorly diuM'lion. 

I'lio abovt‘ /atiio ia apparonUy conlinHcd fuiflior casi in 1‘andii 
aila, liaOikhand Jjiidi'fjia and In (lanf^pnr, (InM-cforc, tin* 

occiirronccH aro conlincd botwcon caul, lonf’il/udc.s HI' 7' and HT -M', 

Ko i’apn‘H(‘ntativ(‘H of Ida* gondito HurioH am known lo tin* cuhI. 
of llobira, tliou^li nianj^aiiow* oivh, coiwirtUnff of py roluHiU* and 
]).silonickiiio, Jiav(* boon found and wurkod at Tidn^utiii lu'ar (dnii- 
basu in the Singlddium district and near darrula atid Harabil at atul 
near the political l)ouiidary between Hingbblmni distriot anrl Keoii- 
jliar StidiC, These ocjoum'ucos, so far as known, seem to rt‘]>n*s(‘nt 
segregations of ore in the shales of tin* Iron-r>re S('ri(*s, 1 hough in the 
latti'f places they htrin wockahh* dej)osil>s of some si'/^t*. 


Origin. 

After an exb'iisive study of the gondite. tx'eiirrein'es of India, 
t)ir (jewis bk'rnun' formulated a hypothesis of origin given on pugi's 
3f)l and ,‘Kjlj of (its memoir. The observations in this urea go to 
support his oondusious, which are brielly giv(‘n hero : 

‘ 1. 'I’lio ixiuks ol the guudilo SHries am llio proiluel of Jn(*laiiHaphirtiu ul lliu 
1<>H4 piu’o maiigaiiileroua HOdinusiits «>f Dhaiwar age, the inolttiuorpliisiu uf tlume 
Hoiliuamts htt\ing taken plueo t<iw«i'dM the ondof the lJbnv\^ar period. 

2. A portion oi tho opoh Iiuh been foimwl dhoelly by tho <!Otu]aeHHioii of tho 
Ijuniat o{ the oriipiial inonganeao-oxido sodimoo^ts. 

;{, Another portion of tho oroa liaa boon foniiod by tho Hul>He«[ueut allojaliou ol 
tho manganoao-aiUcatea produced, by tho abovo meutiouiKl luotamoipliiHni,* 

lu a subsequent papot^ Sit Lewis Ferinor discusses tho ago of these 
ores in connection with the cvidonce obtained with regard to Iheir 
mode of formation, Durtug tho twenty-five ycairs that have elapsed 
since he puhlished lus main conclusions, no evidonca* has oo/no 
forward to disprove any of thorn. On tho othor hand all obsoeva- 
tions during this period tend to confirm thorn. 

The hard compact ore-lenses seem to bo part of tho original, nearly 
pm», sediments compressed by the post-DhaJcwar moyenionts. Tho 


M *1^ Continuftlioa in Depth of tho Manganoso-orcia of tho 

Nagpur-Balaghat Area, Owitral Piovinoea. Rec. Qeol, Bvrv. Ind; XLl, pp. l-U, (IWl), 
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iin'liKiionn of (liivk ore in qunutziU'a rcproyent dissuiiiiiui Lions of oro in Lho 
orij^iiial siliceous sc'ilimoiits. Only in tlio case of iljc laU'iiloid ore 
and th(' po\vd(M 7 cniuibling oie wliicli is tiisl-inulily seen to bo formotl 
around, and in the cracks of, ilic inanganoHo silicates, can a snpojticial 
origin lliroiijfli docioinpusilion be ascribed. But it. socins probal)](j 
tliaL lh(‘ ores foi'incd Hc‘Cioudarily by dooomposition arc also associated 
willPiln* more compact and Ijotter ore formed by tlio piiitiul altera- 
tion, at deptti, of the iiiaiigancHC silicates. 

A small part of tire ore is due to the, secondary depositioji at ajid 
near tli(‘ surface, by soliiLions, in eavitics and joint planes. Hucli 
is the banded and botryoidal psilomclam^ sometiinos louml iu tJio 
dejrosits, and also the comparatively thin shr'cts and lilnis of ore 
found in sliear and joint irlajias. This typo of ore is however of 
practi(*ully jro importance in the area. 

The, (Xicnrrciices of gondite will be now taken up for description 
in souu' detail. Tlur general lithology will bo described here, the 
economic aspect of Lh(i fl<‘poHit.s b(jing clcfeiTcd for treatment in Tart 
If of this memoir. 


(lobira. 


Description of the occurrences. 

A small oui<TO}) of gonditic- rtMsks is seen just to the west of the 
Uobira village JO' : 84.'’ 44'). The ozLont of the axposuroj 
including the ussooiutKjd lateritoid rocks, is 
about 250 yurdH by J20 yards. Jlocsks deliu- 
itoly referable to the gonrlitc serh'S lu’c found over a length of .some 
GO yards and a width of L2 yards. They have a general E. — W. 
strike, ami bi a shallow quarry they ju-e s<‘on to pitcli at 25° to 30“ 
in an, E, MV’ fcl. direction. 

The roeJts include gondites associated with much cpmrtz, some 
forming reefs of varying thickness, 'The gondito is lino-gramed, 
dark grey to black and fairly soft, and crumbles readily under the 
hammer. On close <iX)imination with a pocket lens, a granular 
mass of yellow to brown gainot (spessartite) can be distinguished in 
places, iu general, however, much of the gjirnet is altered to soft 
powdery ore* 

About tliroe miles iu a N. by W, dirootion from the exposure 
at Gobira, are found two exposures of the some rook. The northern 
n ^ , exposure is about 40 yards by 20 yards in 

a ail ega). southern one much smaller', 

and separated from the former by a distance of about 120 yards. 
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ateOLoar or ganopur state, eastern states. 


Tho two evidently form parallel zonoH, tlio intervcuiii}; country being 
aoil-covered. Tlic rookw dip Lore towartLs N. 10*’ W. and (san bo 
traced m tLo direction of strike for only about 10() yards. 

The muiji outcroj) near PaiidiiHila (22*^' 20' ; 81'’ 42') is a liill 
adjoining the noitli- western JiaiuLd of tho vill,ig(‘. This shows 

Paiidri ila niuob dobris of gonditii of the same nuturo 

ina in tho two places inonlioiiotl above, but 
small quantities of pink rliodouito can bo si'iui in addition to quartjK 
and sjiessartito (specimen No, 28/133). 

Near the eastern end of the above hill is another oiiieroj) oblique 
to it, also allowing gondite, on its nojtli'Caatorn flank. Parallel to 
the first hill, and about 300 yards north of it, is anothi'r ;:ono showing 
quartz-riob gondite, Tho area between tlie two is oeenjiiod by 
mica-BchistB and carbonaceous phylliU‘8. A few (roin’bos iiuu‘k tlio 
southern zone, where tho rocks arc harder and toughi'r than iliosi* 
found further east. 

For a distance of several miles to the west, no rocks of this nature 
are to be found. The lull-rangi‘ of (piartzile just north of Dalki 
(^^2” 10': 81“ 31') probably represcuits this 

panchrJu*^”'’ idrpanl, (.ontiimes inl.o tli(‘ similar 

(piurtsites fonning a long liill between Mamlai- 
munda (22" 18' B0^• 84.^’ 30') and I>ancbra (22*^ 17' ; 84" 22'). 

At tho southern foot of tliia hill are found several outcrops of goudile, 
the easternmost being a short distance scnitli of Kohiipaui (22" ID' : 
84." 27'). Tho gondite zone is here not more than some 3b yards 
wide. About a niilo to the W.S.W. of this is Jlurpani, whmu«‘ a 
continuous band can bo seen up to a point south of Panchra. Tliis 
exposure has been extensively pitted into for the purpose of winning 
the ore. The general dip here is very steep towards S.S.E. 

Between Panchra and the hill W.S.W. of Kusaindega tho country 
is covered by soil. At the eastern foot of tho hill (1384) near the 
Damfiawlra. latter village, rooks of gonditio oomposiUon 
aie found, hut they arc poor in manganeBe* 
bearing minerals. The hand was foUowod up the hill but was lost 
after a short d^tanoe. A short distance to tho south, howovor, 
the same rock is picked up again, just north-west of 'Dandjamira 
(22® 14' : 84" 20' 30") having the same strike but evidently shUtod 
more to the south-east. The manganiferous rooks here occupy a 
width of some 40-60 yards, the central portion showing some enrioh- 
meat by ore. The sfedke is approximately N.E.-S.W, with 
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dOutheaHterly dip of 50” to 70°. Tliongli thoro arft fiuG-grtiincd dark 
qiiartzitos in the iiilla juHt w('Ht of Mokiiudpm* (22° 13' : 84° 19') 
fclioso do not nh-ow any goiidiio. ThiB seems to mark tlio western- 
most oxtensioii of the gouditc in tlie anticliuorinm.. 


Dhiiina^arha<Raldlli. 


In tin* cKapter (loaling with the stnictuie, it has been shown that 
the Gaiigi)nr series oontimica south-westwards beyond the anti- 
elinorinm. In this portion there are two 
buntls of goiulitcH exposed to the simth-west 
of Bargiion, the (‘astern one extending from Dhumagarha (22° 8' 30" ; 
84° 16' 30") to Raidih (22° 6' 30" : 84° 15' 30") and th(‘ W(‘sl(3rn one 
b(‘ing found in the mnigirud jxntion of the granitii Imss oi\e mile 
to th(' west of this. Tlu* eastern band is the broader, being over 
150 yMi'ds wido at its niaxinnim. Tho two bands ar(i j)robably tlio 
result of folding of the rocks of tho (Ihoriajor stage. Tlie western 
hjind shows two main exposures, tho northern 
one near Klmrla lying at the margin of tlie 
granilK' and the schists, and the southern apparently surrounded by 
grunito. As the graniU* has given rise to mncli soil, the. contacts 
are rarely setui, aiwl no speeiiil elleots have been iioh'd hecauso of 
such juxtujKJsU-ion. Moreover the western hiuid is luiich poojer in 
niaiiganese miiieralH and or(^ than the eastern. 


Khorla. 


Tho rooks neiw Khorla show a general hJ.K.-B.W. trend and 
south-easterly (U])s. Tiioy are soon to ooutinuo towards the west 
ui a sorioH of eoniparativoly small outorops near 
* ' Nakti, Ghantbur and Lahivndabur. Tho 

strike is hero nearly K.-W., (with southerly dip) but at tho western 
end tho rooks abruptly curve round and proceed in a south-westerly 
diroetion, loading to tho Ghoriajor group of outcrops. 

In tho Ghoriajor group, the more noithorly ooourrencos, i.e., 
those near MaixomtmcLa, show dips of about 60° or more, while the 
southern onoa show 30°“46° but owing to 
froquont folding, variations are seen, The 
manganiferoufl rooks are fioquently assooiatod 
with quartz roofs and show intoroalatioES of phyllites, mioa-sohists 
and quartzites. The manganilorous zone is about 1,000 yards 
wide, only a part of which oxposoa oios of high grade. The western 
half is generally of lateritoid oharaoter. The manganese-ore bands 
are the partioularly rioh portions of the manganiferous strata, and 
vary in thiokness from a few inches to as much as ten feet, Tho bands 
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«R()L()(JY OK (;VNtO'OI{ S'l'M'!*’., 


MAS'l’I'MJN 


uiv liowrv.T piix-li out ul (lie "itly lici i/oiiL.lly 

jiU) nlon-, IIhmi- 'I’li*' iMilnniM n.M,r 

iltniKiiiiuiula. MiMioimiiula urc ul)niili l'\'» Iliioi* iiiilt' > iioi Mi 

(' 4 i;W/ of Mliorujor. TIm' hcil.s .sliou iiioil'M-ilr m '"'ticiM.1, hut. 

lliull (lipK JlMll hllllu'l IttllU'tllM'.. iu*l\ I '■ I lu- 

nuiumniuHc MiiuiM'aJH uru humi'l.iiiirH \mMi Ni 

U'vnIh H’ci’uuu' hiiM llu* uxiiiioufu, jM- llu* liiiu' '»! hi.i Nii.it. 

in l>(U'(Muh(ir 1!)()H, nf u liilhu'k of hit 11-. NitiuMi’il -»(I0 \Mrilu 

to t.lu' (M. liy S.) of the nuvin work! ii';:-!, jhu! slmwiiii' hamh'il 

^ondiM' rtiul ()?■('. Thin liillook lin.s HiniM' firnci <liHJi|)j»<‘ivn'd 

boonum'. of l-lu* (]uju'ryinjj; oporal.iouu, 

Ai'ound (dioriajor Mioiv in a huHoh of o\|»o,-uin‘.< now tnarlviul by 
pitu of variouB Hir IjOvvIh KiTinor obM'fv'oii ooiiio sovoii 

(‘xpOHuroH in t!)0*Sd four in Kouiliinl ivinl tbroo 
(ihoilajor, (Jlioriajoi*. Tin* luout iiuporliAtlli i‘.'vpOHUi'o 

formol, at Muili tiiuo, a bill rifling 70 b» «S0 ft.. o\or l-lic ImoJ of tlio 
liliviu to tlio oast, Thin nito in now uuirkcil by two hu'p,o pitu Itu* 

* r,am}*arlia ’ and ‘ Hciuuh-arlui.’ Tlio t»»lal loti^Mi r,f tbin o.vjioHuro 
ban bo.on viT.ordnil an 720 ft. by Sir liowin Koriuor. 'Pin' on* band, 
of 10 to 20 ft. Hoiiiotiiiuw MbovvrMi afi app.aroat tliickno.M.s (»f 

bo ft. owiu |.5 t.o I'Opcati'd doiddinjjj of flm band an nliow u in bin 

dtagium^ r« pm* blood [lolciw. 






Jftj. 2. — Si'kotob. diagram of folding in raanganow oro bauil in tlio Ohoriajnr Ixtll. (Aflor 

jrornior). 

Some two and a lialf furlongs to tlie IiJ.N.K. of tlio main oxpoHuro, 
is another e.3qposuro called ‘ Shragor hill,’ whloJi has also been (puvrriud 
into. About 400 yards to the south-woat of Lho sout.Ii-weHtoni ou<l 
of the Qhoriajor main iiuarries la Priolutrd'a lull, which aocniN to bo 
due to another parallel band of gondito. To its north-oast aro also 
a few pits. In addition to tho above, and in the strike of the 
manganiferous ^one, there are soveral pits botwoou Ghoriajor and 


1 Em. Ocol. Siirv. Jnd., 3X1, pp. 10.16, (1011). 
• Qp. ait., p. 16. 
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liil'jalM'iJja Tlio Iasi* (‘xpoauro is alfoiii Iialf a mile iS.S.W. 

of HirjulMM'ua and a])Outi two niilos Jioj'Lli of Kuijirma. 

MINI:RAU)tiV AND PETROI.OfiY OF THE GONDITES. 

As |■(‘inal•k('(| alroady, (llioriajor oomprisi's pliyllites, 

mica Hcliisis aiul (|uari/nl<'H witli whicli, alori;» a narrow zoin*,, the 
^(tndilch an^ inicrcalaicil. Ah l.lio mica st^liisis and ])JiyJliteH are 
<liHtril»iilcd ifiroej^lioiit tlic whole < 50 uidify, they will be dosfjribcd in a 
Hcparatc sccljon, ami ailciil.ion wdl l)f‘ i>ivc]i to tlic fi;onditcH only, 
Tlu‘ nondib'H arc i>ciuM'ally sciy closely aH,soc.jat('d witli liirtldy 
<]itartfioHe rock or (inartyjtc, vvliicli is often rcplacod by inan^ancso 
Jiiim'ralK. Occasionally the (juarty/itc is heavily imi>rcf»uiited with 
psilomelane or otln'r manj^atioHO mineral and fonnH an ore. 


Manganese minerals. 


The <)hi(‘f maiiji'aiLeiw' minerals Coiuid in iliii man^anif crons rooks 
jini h|i<*HH<vrtitc, rhodonihs blanfordito and rhodoelirosite and very 
small amoimts of wiiicldto and mauf?aiiopIjyllit(‘. Aiuojipf the oro 
minerals, pyrolnsitc, psilomelane and lirauuib', aro ooinmou, while 
v»vdcnlnir;jiilc, Itollamlitc and man#»auit'0 are only rarely seeu. As 
tlicsi’ miiicrald have bemi evliaiiMtivcly ilescribcd by Sir Lewis 
F(‘,rmor in his numuiir, only the salient charaoteriKtios aro toiiehod 


up<m here. 

The ,s}>r>,Mrrlilc is ao orange to brown eoJourod gaiuot, wliieli, 
when w(‘ll-develope,d, shows trapezohodral forjns. It is however 
generally altered to ore. In tliin seotioiis the 
Spesaardtc, iidiicral is pale yellow or orango-eolonrod an<l 

shows roplaeonient by powdtny ore along the edges and eraedis. 
iSpessartite is universally present in all the exposures of the gondito 
in the (laugpiir Htativ, being always assoeiatocl with ([uaTtz. 

Uhodnuiic is present in only the Ulieriajor and Manomunda 
exposures and iii the I’audrisila exposures. In the latter it is 
comparatively a minor eonstitueut. It is very abiuidant in most 
of the ocourroiKJfS of tlio former, flomo pits 
w<}St of Clhoriaior village and south of the main 


Khodoiilte. 


quarries expose bands and veins of ahnost pure rhodonite-rock, often 
several iTKjlies in thieknoss, The fresh miuoral is rose-pmk in oolout 
a)ul well oloavod and generally ooarsoly crystalline. Xt Is voiy 
pale pink to almost colourless in thin sections, showing pyroxenic 
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cleavages with largo oxtiiKitioii ariglos. Tliis ruiuotul also [requeritly 

alters to dark tuaiigaueao-oro, the altoratioti sirai’tiiig along c.loavago 

, pianos and oxtoiidin'' to tU(‘ int(‘rior. Homo 

Aiiofber pyroxene. i i i n 

oases have Ixion oosorvod wIk'po anntlior 

'pyrojcme is present hi addition to rliodonito, in thin .socd.ions. H- 

resomhles rhodonite generally, hut .shows distiiio-tive ]ih‘ooliroiHi»i, 

being eolourlosB to pale orange in dilToront positions in polarisc-d 

light. In prismatic Hfl(itiojis the cxtiuotioii augk'S ohh»‘rve<l varieil 

between 28° to 35° (slide 2UlHd), the diriwiion of e.xtinetion neai'est 

the cleavage coneapo riding to the vilrration dir(‘otion rd the last 

ray (oolonrlosB). The individual grains show wavy (‘xtinetion, the 

range of angle being about 7° or H°. Tlie maximum birtdringonoe 

noted was somewhat higher than that of (piartji (al)oiit P-Ollt). 

The larger crystals are diahlaatic, oontaining irndusious of (piai't/. 

It seems probable that this mineral nuiy lar a vrvriety of rhorlonittr. 

In the dump heaps of the (Ihoriajor Manomuiula group of 
(luarrios there ooenrs a small ipiaiitity of minutrr needles of a dark 

Blanfordllo red-brown ctdour. They are srem 

in some ahundaiute only near uhout Mano- 
munda, being, so far I am aware, absent in the more i^uHtern exposures. 
Homo ol tlio seetions examined (20172, 20180, 20181) show this 
mineral as lath*shai)ed individuals with well-develop(‘.d longil.iidinal 
oloav^igo. As most of the thin soijtions examined were pri‘|)ared 
from (sliipB parallel to the foliation jilanoH along wliiuli lihese laths 
lie, Rootions of the ininoral traiisverso to the prism w(‘r(^ f*t''1y oee.a 
sionally seen (20180). In those tJio oloavago appears to ht^ distuuddy 
pyroxenio. The mineral is highly ideoehroie accjording to the 
following Bohome : — 


A — (elongation) bright carmino or rose-pink, 
b — ^purplish blue or indigo. 

JC — ^bright greenish bine. 


The maximum interference colours in sootions of normal tliioknoHs 
ate about the top of the second order. The interforonoe ftgjiroa 
obtained were not very satisfaotory ; they however show tho minoral 
to^ be optically negative. These oharaoters would point to tho 
minetal being blanford/ite which has been described by Sir Lewis 
Fermor,^ 


1 Mm. Qtd, 3wrv. Ind., XXXVIT, pp. 126426, (1909). 
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Khodochrofilte. 


A silky filirous mineral ol lavondor-klue oolour Ixaving the charac- 
ters of innrjiile^ was fomid in the clumps 0 / the Manomunda 

Wliiclilic quarries. The mineral occurs as thin encru- 

stations in cracks or cavities. The fibres are 
a few millimeters in length. In thin sections they show the follow- 
ing plooehroism : — 

ft light blue. 

b- pale violet or lilac. 

C- pink. 

The evtiuntion angle was observed to range up to a maximum of 
30 °. 

A biotiiio roHombling nKnigawpliyllite was also found at the same 
locality. 

The manganese carbonate rliodochrosite has also been mot with 
in the (Ihoriajor area. The mineral is pale pink in oolour and 
generally occurs in association with quartz and 
hraunite. (41/648, 41/049.) 

A specimen of roso-colour<sd quartz, the (*olour of which presum- 
ably is (Inc to tlic presonco ol monganoso, was coUoctod near the 
llaragarha in Glioriajor (41/050). In casoa whore the quartz eon- 
tains nimroseopio or inegaHcopic inclusions of manganose-oros, the 
quartz HHHiinies a groy or black colour, according to the state of 
division of tin* piirti(;los and their abimdauoe. 

The oro minerals found h(3ro are hraunite, psilomolane and 
pyrolusito. 

Psifomelam is the' most abundant mineral in the bettor quality 
oro of t]ies(i deposits. It is found in the massive, botryoidal 
and oonoontric forms. It is fairly hard (11= 
5*5 ' to 0) and is generally associated with 
hraunitti, Braunita is harder than psilomolane (H=0'6) and lias a 
stool grey to black colour. Tt is tlio most abundant ore mineral 
next to psilomolane, and is often slightly magnetic. 

Pymhmlo o(!f!urs in (lomparatively small quantities as a soft 
mass or powder. When cryslialliHod, it has a metallic lustre. It 
is fairly oomnioii in the superficially altered portions of the gondifce 
rooks. wedmhirgiU> and (41/018) were 

also identified among tho minerals but, so far as known, they occur 
only in very small quantities. 


Oro ralnerale. 


'■ Op. Cl/., xxxvn, p. 140, (1000), 



38 


GEOLOGY OE OANOPUJl HTATE, EASTERN STATES. 


Petrology. 

Tho rockfi of this iii'ou]) may ho dividivl iut(> gondii oh propor 
ooiiaiHiiAg ('HHoniially of (piart;: aud .s]>(‘hs.ii‘i an<l (tfJior maiviiiii- 
forouH roolcH ooJi,tai»iin}* a \arioty of miiioraln. Tlio foriuoi- an* 
])T(ivalont iu all tlio (‘xpownros, wliilo Mio laH-or aro tuainK conCuK'd 
to tlio noi/^ld)()oi'lio()d of (Ihoriajoi*. 

Tho typical j^oiiditoH aro f^oiiorally ;*i'amdar mixturoH of (jiuiviz 
and .spoflisartih*, the lattor Jiavin/j; heon coNVorfcd, lf^ a Jarp,/’r or 
RinalloT oxtoiit, to oro. Jn many ouhos HpcHsartiti* with ililli- 

oulty bo idontifiod with a nuif'nifyinji' Iouh, as il is cftloiircd ^rcv or 
black duo to powdory oro oucurriitg as itudiwiotLS or uh iilU‘ni,ti«)n pro- 
ducts. Ill tliiii SGctiouH the froHh {^aniot iH oraii'><‘ or yollovv' <’,(doiiiV(l, 
aud rarely shows (20174.) anonuiltnis blrofriu^cnist*. 

The other jp-oup hIiows a {greater nun:;(‘ in (‘(doin', coarstMicss of 
ciystallisatiou, and varh'ty in (‘Oiiij)o.sitiou, Tin' minm’alH o(‘(H(irin‘.> 
are quartz, spossartito, rhodoiiiti*, hlaiifordifo, wiiichiti', rliodocii- 
rosito, biofcito, ohlorito and barite. A f(‘w typical varintii^s are 
dofioribod below : 

SpccimouH 40/123 and 40/125 from the Olioriajor area roiiMisl. 
of rhodonite, Hpossartitii and Hotim ore derived from liliesis wbiln 
40/124 (20174) shows spessartite, rliodoebrosite, rhi»donitn and dinp- 
sidic pyroxene. These and similar roidcH somelimes eonf.iiu a 
fow grains of barite. 

Blanfordito-boariug roeks sooiu to bo resti'kdrod to the IVlanonumda 
oxpoHuros though occasionally soen around (Ihoriajor. Krom tin* 
dumps of the Mohalgarha, spocimouH were collected (40/12K and 
40/129) which showed abundant quartz, blanfordite, rbofloniki aJirl 
a Uttle felspar. Garnet is rare iu this ty])e. 

The thin seotiou 20067 prepared froni a rock collected near 
Paudrisila ooutaius minute iuolusious, in quartz, of a pink mineral, 
which seems to be piedmontito. 

Phombohedral manganoae carbouato is fahly common in some 
of the rooks. Spociiueu 4:0/124 (20174) consists of abundant rliodo- 
ohrosite, with subordinate diopsidic pyroxono, rhodouito, Hf)eHsarti1ie 
and a light yeUow phlogopitio mica, while anotlior (rfipresented by 
the slice 20703) shows manganiforous carbonate, Wanlordito. rhodo- 
nite, quartz, orthoclaso, microolino, acid plagioolase aud barite, 
41/648 and 41/649 are mainly composed of carbonate associated 
with ore which is seemingly derived from the former, and some 



vri— Till-: QANGi'Tm shriks (co/?^7.)-- OAIIBONACEOUR 
JMlYIiLITIOS AND QUAUTZITKH. 

Tlioro jmi two niain ]iori; 5 ons of carhonariioiiR ])hyllituH, wliinh 
}4rui(lo into haiul(‘(l ('url)oimccouH <|iiarlzitoH on ono liaiid and into 
hIuU'R on 1 . 1)0 olhor. Of two Tiori/om, ono in okloj* tliau tho 

]navl)](‘H and tin* otlii'r voun^iM*, and both aro Hoparatt'd fi'om tlioin 

a vaiylni^ tliij'lviiohH of nuca-Hchi 8 ljH, Tlioy aro doHoribcfl togetlx'r, 
Hinoi' tho litliolo^fical typos aro i(!(Miti(‘a], oxoopt for tlio ^poator 
abundauoo of ijiiart/dti's in Ibo oJdor zon(‘, 

Older Carhon pliyllitcs. 

Tins Mono, to wliicli tJio iiamo Kinunnunnila slntip is siif’^ostod 
as a oonvoni(‘nt jiamo, is soon in small oxpoHiin's aronnd tJic 

aiitiolinoviuiu, and is an oAtroiuo.l}'^ usofui zono in {locipJioring tlio 
Hti'uotni‘0. Its wostornmost oxposuro is at .hwmal near Oboviajor. 
Fui'Mior oast alonfi this limb it is not distinntly hoou, being probably 
too poor in oarlannwooiiH maberial to ))o (Usljngubliablo from tlie 
aHHO('.iato{| pliyllitos, It slioiild obviously ]»ass tlirougli Tcdigliana 
ami Kntra forniiag a fold boro* !t is piokod up nwtr Dandjamira 
wli 0110,0 it talcoH an oastorly ooursu and is soon praetioally continuoii-sly, 
jiassing througfi Kliatliurbalial, .lagadispiir and Bamnipahar to near 
Kiiniviig, At tin) lai.tor })Iaoo it is very sharply folded Imt the 
fold Hooins to pa.Ms into a sli(*ar 20110 or fault, Tboii it bonds round 
towards the east again and pusses tlirougli Siyaljor to Balimunda. 
Iloro again it is fold fauH.ed anil o.outinues through Hatra and thenoo 
westwards through Talsara ami Baiboga to Tarkera. This zone is 
evidently folded bank shaiply, but exposures are rare hereabouts, 
A small pateh is found (dose to tho manganUerous roeks of Pandrisila. 
It forms tlm ontor band of the Dublabora syneliiio, being seen as a 
cojitinuous horse-shoe sluipcd outerux) jmssing through ]*urnapani, 
Ilotpos and Kukuramunda. It seems to bo jnnehod out to the 
west of the lasl-raontionod village. 

At tho oastom end of tho antiolinoriuni this zone has been thrown 
into a series of remackahly close folds, which at tho two places mon- 
tionod ahovo, pas.s into shoarod zonos or faults. The formations 
younger than this do not, form contimious outcrops in this portion, 
and are moreover covered over to a large extent by soil and 

( ) 
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aHiiviniu. TIu'ir boliavionr ilioioforn Iiam l)oon rlocliicc'd from ilio 
configiiTaijoji ol tliis rftTl)()n-])liyllilo zoiio. 


Youfij^er Carbon pliylliie. 

Th .0 yoiujgor zone, whioh may bo calJ(i(l tbo Lai^ufar stage, ia 
younger than tlio inarbloa. Tts outcro[)B iiro much loaa rout.inuoua 
tlian tJioHO o£ tlio ICumarmunda atago. Ita o(){{iirrf*U(M' in IJui aoiith- 
west is not doJlmtoly known. It ia aocu at Laingar, to tho woat of 
wliioh. it ioma, duo to folding, a double zone in tlio Katang syntdiiio. 
It can be seen at intervals from Ualiijora oaatwarda, tho outorojiH 
being often lateritisod and not easily rocoguiaablo as oarlion-pliyllite 
in some places. It oooura again noitli of Bisra and can bo soon 
pasaing tlvrough CJrsu. It ia repoaLodly shai'ply fobbed near tho 
Singhbhum border, a good antioliiial fold being Bfl»m imar Khatang- 
tola and ICulagoja. JTrom hero onwards, isolated exposures are 
aeon at BarUapta, Karimati and tho hill 'ndO south of Hernia, U 
is bent back again tlurough Katopur to Nawagaon and finally seems 
to pass north-eastwards to aomewhore ]w>ar the junotion of (iaiigiMir, 
Singhblium and Ilanold, From hero in a westerly direotion a 
oontinuouB sorios of outoropa can be followed up to luuir liaipura 
(Birmitrapur) and thence to Jambalial and Hadhiinxiinda. U is again 
seen forming tlio elongated central band in tho Diiblabora ayneline, 
where the oxpoaure seems to represent a compressed double band 
which is pinched out towards tho west. 

It will bo noticed from tho map that this Laingar stage is in 
several places closely assooiated with epidioiite. This asaooiation 
ia, in my opinion, indioativo of the oarbon-phyllites affording pianos 
of weakness for the easy penetration of tho traps which welled up 
along them by partial aasimilataon and replacement. This point is 
again referred to in the chapter dealing with tho opidiorites. 

Oarbon-phyllites also ocour in a few horizons in the Iron-oro 
aeries in the south-eastern part of the area. A broad exposure is 
seen extending for a few miles to tho north-east and south-west of 
Ramjhori. To the south of this appears a long exposure which can 
be traced from near Jangidici (22® 7' 30'^ : 85® O') through Kumba- 
kera to Barmarain. This is probably continuous jriih the thin bed 
of similar rook associated with the epidiorite sill passing through 
ipaohinda further west. 
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SfniMi of tins, two ffiii'ly promiuonfi Ix'ds of tlio RfitiK*, iiaUiro iwe 
louml, Jill tho (liiTo (onuiiii; a notii-oaljc homl, pouvox to tlio sonth, 
air about Joiij^ii.udo 81" nO'. 


Petrology. 

For iiiir])OK«‘K of (Inscription, the carbonaooouH rooks oan be taken 
up uiulcr two iunuls, viz., (1) uarl)oua(“,eoiiH slates, pkyllitos and 
HcliislrS ujul (2) carbonac(M>UH banded (juartzites. 

Tin* avcni|^<5 spc('ilic ‘»ravily of 12 spooiuu'tiK is 2'57, tlio Iow(Jst 
and liinliusir valiu'H ])om}^ 2*42 and ‘idiH respectively. 

Tlie ])liy]li(jjc, rocks ai-e soft and vary in (iolour from asli-grey to 
dull (!oal-l)la(iJi'. Some an* so soft that tli(‘y soil tlie fingers when 
liandlcd and are powd<*r(‘d (‘asily (rvon by liand. All are fairly 
well-rleaiivod but ojdy a f(W split u}) into tliin slabs (40/33, 40/34, 
40/i)2, 38/81, etc.). OtJiers are sjdintory or ‘woody’ in structure 
(40/3f)). A lew sliow Icnofs owing to tlu^ dcvolojnnent of cliloritoid 
(37/9(3), 38/99) or of garnet. Dtlrers, wliioli are generally better 
crystallised, sliow tie* jirosence of garnet and staurolito (38/100, 
38/101). 

Under tbe mic.i’oseojio tlu^ show varyin." d(‘gre»JH ot c.rystalliniiy, 
some being slaf/y or pliyllilhi and others soliistose. Tii tlio pkyllitic 
roeks, tin* main mass is hic.ijmmtly erystalliue, only quarts and 
H(*ric.itie or (‘lilorltic. matl(‘r being found, Ocxtasioually howev<‘r, 
■jiartiully altered erystalloblasi/s may be found. The quantity of 
carbonneisoiiH niatb‘i‘ is variable, but it is found intimaiely mixed 
with tli(( gi'ound-mass in tli<5 form of dust or clotted jjatclics. k'’or- 
ruginouB material is also abundant in some, a few of the outorops 
being liigbly lab'ritased. 

TIu*. major jioiiion of these* rocks is of pliyliitic eharaetor, 3n 
some, dirly-lookiiig, partly clarified jiatekes oex-ur (20091, 20107). 
A thin section (20034) prepared from a S]»ocimen oolleotod from tin*, 
stream east of l^aiboga sliows bladed greomsli crystals poaeofising 
faint pleoohroimu and low liirofringiaujo, witli negative elongation 
and straight extinction . These seem to bo luirKirals of tho cliloritoid 
group. 

Anotlior Hpecimon eoUocted fi'oni a thin band in a stream near 
Kaianjkliol (22“ 10" : 83° 42') showa megascopic flakes presumably 
of ohloritoid, measuring up to 3 mm. across. In a thin section 
(21872) tliis mineral shows good, cleavage and low bireftingenoe. 
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Parts of the carbon-phyllito hand oasi of Ilaihojfai hIk^v ovidonc^'s 
of rogrcHstivo motamor[)hiRm. A HpooinwMi (,SH/l()(): 201)1)5) fiotu 
tho Btroam about tliroo-quartors of a miV ('ant of I0vil)t)ji,a 
lars^o rryMtalloldasts of hiotHo, nariiot and Hlaurolltt*. Tlio lahl- 
named minoral nspeoially is full of inobi»ioun of (‘tirhoimt’OouH nuittor. 
Tho tp'oundmasB containfl mira, oTiloriio and a few lalhH of tonriiwdino. 
There is clear ovidoneo in this ocoiirrenoo of tlni rocts liuvinir ln'on 
Biibjortod to rogresaive motarnorphiu conditionH. 

Some of the oocurronoes near tho contact with epidicwilo Hills 
show tho development of ahimdant feiny toiimvalinoH. A thin hand 
of dark, hard, fine-grained rook, ono mile soid.h of Khatkurhahal, 
(40/64 : 20110) shows much mioroscopic tourmaline and a litthi 
magnotite. A similar, hut more qnartiziticj rocilc jh oxpoHed juHt 
noith-wost of Dhaurara (22° 16' : 84° 50'), and another near Dahijova 
(20108 and 20112 rospoctively). fliist south of tho hill marked 
AllOO, betwoon tho two last-named villagoH, is a hand of 
earhonaoGous phyllito (40/76: 20120) showing quartz and woll- 
formod tourmaline laths (Plato 15, fig. 2). IJoth tlu‘He miiuM'als 
contain inolnsions of dark dusty nwvterial. Tlui latter mineral 
ooours as rounded, hexagonal, lozenge -shapetl or long reeijuigular 
individuals, depending on tho orimitatiou in tho thin Hotdhm, In 
all those, tho mineral is distinctly dicdimie (colourlesH lio ]»ale orange) 
and negative uniaxial in optical characior, Tlu» (lohuir siiggi^sls 
that the tounualino is rather poor in iron. 

TIio oarbonaooous rooks often show ovidoncos of Hiheifieatiou, 
In some cases the silica ooours as veins, folded in with tie* ro(«U. 
Some speoimens, coUooted jErom an exposure at Taugrahahal (22° 
14': 84° 21') near Kusamdega, show -^e fine folding to wliitdi the 
rooks have been subjected (Plate 1, fig, 1). Some oxoollont oxam]dos 
of siUoifioation are seen in the thin oarbon-phylUto band occurring 
to the north of the epidiorite at Kichinda (22° D' 80" : 84° 42') and 
Jaraikela (22° 6' : 84° 36'), At several places along this zone 
swondary quartz has replaced the carbonaceous phyllito to a (um- 
siderable extent. A network of thin veinlots of quartz, onolosing 
partly fiJled-up cavities and sometimes resembling a ‘box-work* 
pattern can be seen here (44/194, 44/196), The solutions which 
brought in the silica have obviously removed a good doal of oarbon- 
aoeouB matter, often leaving the rook porous and cavernous. This 
probably took place during the period of granitio intrusion at the 
^pse of the Dhaiwax tiiges. 
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Banded carbonaceous quartzites. 

Tlio (‘arl»()naf‘ooiis roclcs pauH frequently into tin'n bedded qnait- 
nitoH. The bandiuf^ ia made (iouBpicuouB because of difEerenoes in, 
colour fiom pure wliilo, tlirough various shades of grey, to blaok. 
Hoinctiun's tlio banding is oxtremoly lino, the individual layers being 
abnost of microscopic thinnos.s. Those exliibit folding and faulting 
on a minuti' scale (37/900, 37/930, 38/80, He.), Such rooks are 
p.articularly abiiudant ju tlio upper portion of the Kutnarmunda 
stage, 

Jii their general characters, i.e., the nature of quartz, fine band- 
ing and folding jdionomoiui, those rocks show a romarkablo resem- 
blauco to the banded liaematito-jaspers of the 
orjailic'*' ^ ^ ® Iron-or(i series in South Singhbhum and the 
a<ljoitung part of Orissa. The alternation of 
the ilUvtK'rials wlii<‘h lias ])roduoed this lino banding, is to be attri- 
Imti'tl to slow rhythmic deposition in model atoly deep and still waters 
as in the case oi the liandcd jas])ers. The carbonaceous material 
in bhis case (as wi'll as in the carlionaoeous phyUites) was probably 
all of organic origin. Tlie silica and oarboiuicoous clayey matter 
could have boon diqjasibed under regularly alternating and recurring 
conditiojiH, probably controlled by seasonal variations. Our know- 
lodge (il the pliyHico-olMutiical conditions producing rhythmic varia- 
tions in ruiturally ocean lug sediments is still meagre and it is there- 
foiu not (lOHsiblo be outline the proeoss ot formation of these rocks 
satisfactorily. Seasonal variations in the nature and amount of 
the components, climatic and meteorological conditions, variations 
in the hydrogon-iou eoiujenti-ation, and the action of bacteria are 
some of tho factors which may have boon active in bringing about 
such rhytJmaie deposition, 

A few of tho s])ecu:aons of carbona<‘coii& phyUite were used for the 
dpterminatiou of the carbon oontout. The powdered specimen, 

„ . . , mixed with potassium diehromatc and lead 

eliromute and ooutamed m a poroelam boat, 
was placi'd in a hurd glass tube whU'h was ignited. Air was sent 
tlirough the tube, freed from carbon dioxide and moisture by first 
passing it through tubes containing caustic potash, soda-limo and 
calohun chloride, Tho products of combustion of the contents of 
the porcelain boat were made to pass through a sulphuric acid 
bottle and tubes containing pumice soaked in copper sulphate 
SojiutiopL, ‘ asoarite ’ and lastly calcipm chloride. The tube of 

H 3 
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‘ nacnrito ’ wJiicli Jihsorlx'd llu' oarhoii «li«>\iili' was \v<M''ln'd 

and afior llu' oomlniftiion, and ihc ainnuni »»1 carlani v\a'< (loliM’nntind 

l)lipr<droin. 

Rnch HpocinuMk waa ijL^nilod foi two io thin' limira, lill all llio 
carbon was oomplotolv oxidised. The vosnits of tlip dpitMttnn.dion 
ate given ladow : - 

Bppcinicn No. ^7/922, 44/101), 37/{)i;j, 37/901, 40/33, 44/192. 

Carbon per eeut. 1-04, 2*ir», 2*30, 2-12, 2-50, 5-72. 

Origin. 

With regard to the origin of tliese rockn, Dr. Dinm^ liaa prist ulated 
two hypotheflca : (*iiher, that tbe carbon (‘ontrnd is due* fo siib- 
aeiial procipitalion of carbon derived from the eombiislioii of vole.mic 
gases containing bydrocarbons anil carbon nnmoxitle : or, that tbe 
carbon was derived from tbe brealcdiovii of finnarrdu* gnseis 
entrapped in tbe asliea and RcdiinentH. 

Apparently in North Singhbbum no eiirhon ])liylHt(‘S are found 
which are. not closely oHSoeiated with epidiorile. lint in tbe 
Gangpnr are-a carl)ou-pliyl1ites hnvo been b»und wilhout. siu'li assoeia- 
tion. The whole of th(‘ older carbon pliyllib's ((‘xee]U in one place) 
as well as some bands in the Iron-oie series in the Hfiutli (‘umI are 
examples. It would appear that too miieh iniporlaneo has )*een. 
given to subaeriul volcanic action in tlie formal ioti of large tbiolf* 
nesses of phyllites, including the carbonueeoiis ones. Some of tlu'sc 
have an ashy appearance, but. such ashy looking spts'inu'us tvri* 
composed mainly of silioeoiis material (qnavLz) with some ferruginous 
material.^ The carbon occurs in fuzzy clots and dust. The amount 
of sericitio and chloritic matter is practically always small so that th(‘ 
resemblance to voloanip * ash ’ is only superficial. 

There is again the rhythmic banding in parts of the deposits, 
which has been described above. This Ruggesta depoaition in 
alternate bands from ooUoidal solutions containing carbon derived 
£c!om organic sources. 

I am th^fore moHned to favour tbe view that the carbon is 
Organic in origin. It must be admitted that organisms begaji their ex- 
istence soon after the cooling of the surface of the earth to a temper- 
ature which could permit orgamc life, !For there must have elapsed a 
oonsideFable period of time before the rich fauna of the Cambrian 

Geology <4 JJorth Singbbhttm. Mm, Oeol, I3wv. Xnd., m, pp. 
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with thcif tind fiilunj’i'-oiiH luinl piirts, Biiitublis lor prcaorva- 

tioii OH foHHtlH, \vcr<‘ .iini <liHt.nbiii.(‘(l ull ovor tlu‘ globe. Ah 

we J‘iirilii'1* l)oelv in time, l.he orgoniHiiiH muHt have been wimplor 
in <‘on,stil utioji. II- .ipjM'or.s highly prolaiblo that- during Pro- 
(!iiiiibriaii tinn‘H there was a rieli variety of primitive fauna and 
tlnra in exiHtenee. Th(‘ view that the c*,o«1k of later ages arc to a 
largo e.xtent (amipow'il of a pemiHivo ooHokIuI base of hydrocarbons 
through which tlu* more ri'Mintant pnrtH of the woody tissue and 
mini'nil mat.ter are distribut-ed, is now gimernlly ac(‘epted’. Such 
liydrocarbon colloidH <‘ould oliviously have formed from all kinds of 
carboiiaeeoiiH veget,al)h‘ matter at all limes diirmg the sedimentary 
eraH of tlie luHtory of the eartli. The impoHunce of algae Heerctiug 
ealearei im HtructureH in tin* building up of the limoatono depoHits 
of variouH agew iw also now recogniHed. It s(*ems th<‘reforo leaaonablG 
to (-onelii<l<' that the eiirhonaoeotiH matter of algae and other primitive 
flora, pjM’haps mainly in colloidal form, may have contributed the 
carbonaeemiH malf'riaJ of the I’n^-lluriabi'ian Hhalea and pbyllites 
oc<‘urring not only in tlie area utuler eoiiHideration, but. also hi similar 
dejiositH in India (c.fj., t.lie lltiimbiyaH) and elHowliere. 

* Ct. H. Pox., 'I’lio Wdl.imil Uint<iry of Ittdiou (fold. Op. oil,, tVII, pp. ft, fi!h 226» 

a71, m (MKil). 

L. Ij. I'Vrmor. On fcJie n-libtiotinhip l>ot.weou t lie Hpmiilie Kr^vity aait onh mmtpntB of 
tlui eodlH of Koiea luitl liokaro : t'oiilw <tH Hyflb'rrw. Mee, Ucol, Svrv. ttul., Uf» 

nti. (liwa). Atui tmi other pnjKTrideHliug with latliau viimiw mid duroiaa. 

Op. at., LS.H, |)]». hXin, i>i>. 3«8-374, (mO), 



CUAPTBB VTIl.— T itk OANm-nu SKUiiih {vo)it<K)- (’AUMTIC 
AND DOLOMITK’ MAIfHI.EI^. 

The ninrblo band, comprising a lower dolomiiio iiuiiibei ainl 
upper calcitio member, forms a diHimetive niid usclul sirotigniplib al 
borizon, whicb may be called tlie JiiHnifKtpi<r sOttjv. As lias alteady 
been mentioned, it is of great help in diripheimg tlie stiuehiic, 
as it ocoiiTB all around the nnticlinoiium aral sonilM\estv aids iiji 
to the Ib liver. In follo'wing tlie m.irble band, just «i.s in ilu* ease 
of other stratigraphic units, from east to west, tilie slrilii' is first scim 
to bo E.-W. up to about the longitude of Riijgangpnr, then H.IO.-S.W. 
over tho whole length up to near Kiiijirnm, and liiuilly E.-W. in 
the exposures in tho Sapai nadi near liliasma. 


Distribiilion. 

This horizon can be picked up iil. its eaHlerninosi oceuirein’e. 

wbioh is oloBO to Snkra. A few small (‘xpiiHiires, mainly of doloinitb* 

„ . . oompoHition, aie seen in ilu* Iasi ol u valtt 

Main Boatheni limb. tjai x ,i . p .1 *11 in 

a little to the Houlh-west oi ilu* village, Near 

San Bamua and in tbe mla west and north-wcHl of it an* Hi’Vera) 

small exposures. A massivo calcareouH (iiiaiiziU* is sei'ii on tlu* 

bank of the Kocl river just south of the village, while in tho Katejnir 

jhatia an exposure of fine-grained, light grey, pyritiferous dolomite 

is found. The band then crosses the Koel river, being exposed in 

the river near Ursu. It can then ho followed at a short distance 

to the south of and parallel to the river at Ursu, Kliatangkudar, 

Bangurkela, Jagdah, Uparbahal and Banposh, At all those places, 

the exposure, which is generally between 250 to 300 yards bi’oad, 

has been quamed to shallow depths particularly in the limostono 

portion. Kxe unquamed portion of tho outcrops, where nob pitti'd, 

is seen to be marked by a lateritoid rook or soil cover. A largo 

abandoned quarry worked for several years by the Tata Iron and 

Steel Oo. m^y for dolomite, is seen at about one and a half miles 

north-east of Panposh railway station and east of Raghunathpali. 

The outcrop to the west of this quarry is found on the south-east 

bank of the Zoel, which further on flows over the band completely 

( 46 ) 
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obarujin^* ii. Vuilli(‘r wpslward itfl st/riko coincides witk tke course 
of tbe Haukli for a aliort. dislauce, the outoiop appearing on the south 
hank of the Hankh iiii Ihdflih and JBhalupatra, and again ciossing 
over to I lie north of th(‘ liver at Usra. At Beldih the outcrop is 
2r)0-270 yards wide and there is an abandoned quarry formerly 
woiked by the Tata Jion and Steel (Jo. At Usra Messrs. B. P. 
Byratnji'o & Co. have lieen quarrying dolomite till very recently 
(1U32). LiiueHtone is Been here to the soutli oi the dolomite at or 
very close to the riv<*r bank. 


Por a f(‘w niiles to tlie west there are no expoHurcB, hut at Amghat 
the bainl w well st‘en and haa been quarried by the Tata Iron and 

. Steel Oo. both for limestone and for dolomite 
Wchtcrii exlcualoii. , . , j n i 

during aeveral yearn past, (Jontmued west- 

warda, uhnost contiiiuoiiH (lutei’opB can bo seen in a partly lateritisod 

condition tlirougU Kisrainal, Biu'ujam and Lanjiberua. llcre the 

band is nonu^ 400 yards wide. The liilla near Daliijora and Gnnatoh 

(west of IviringsertL) siiow the murhh's especially on bhoix faout}\ern 

tlanks. 'riie wesl.ernmoHt occuirencc of this band is near Kendai- 

tiiuiula wh(‘j<' it doubles on itself and can be iracc'd back east-waidH 


throiigli Kiitung, liiikliotoli, Tiluiinal to Barpali. The Katang and 
Ihirpaii exposures weri‘ wojked by the Bisra Siono Ijimo (Jo. and 
Jaimm Valjee reH])(‘ctively. hj'om exnisid orations of structure it is 
oleur that/ tlie seaniy Biu'jjuli exposure is to bo connecU'd with the 
one at Kukarbhuka where it attains a width of over 600 yds. A 
lateritiHed (jountry intei vein's botwei'ii those two iilaocs and, because 
of the wvle distTihution of llic laleritic crust boro, it is not possible 
to distinguisti the marblea and nojiarato thorn from the mica-schists 
whioli are also similarly hiti^ritised. Thin-beddod, dark, flaggy lime- 
stones are exposed at Kukaifihuka over a width of some 1,900 feet, 
Some impure lateritisod linu'Htone patches show the continuation 
of these and connect them with th<‘ broad exposure near Purkapali. 
Hero the width of tho marbles is nearly a mile. The exceptional 
width of tho outcj-op at J’urkapali seoms to bo due to a close fold 
which haa brought about a doubling of tho bed. It will be seen 
that this is aooompaniod by a similar fold in the conglomerate and 
quartzite band of bho Mahabir Paibab, Two small exposures of 
caloiphyre were also found near Birtola in the re-entrant of the 
oonglomerato band of tho Mahabir Parbat. The Niapara and 
Lakhopara patchos are praotioaliy continuous with the Purkapali 
exposure. Further on the exposures become scarce. A small patch 
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ia loiuul ill ilit‘ Siipai /ww/t \V. N. VV. ol Uijiulili, ;iiul a ..(‘riffi of ox- 
pOHiires in blw hutih' slivsim ia from ncur ilii' iiitcrsiM'Hon oi 

tlic (Jlioriajor roaii. Iffom hoio onw.tnih Lo Hoiibli of Kiiijlrma tin' 
expoauroa aro at olowi intfM’vaUt ; tflioao n<*ai' liaiululiiiluil ami TilaimiiHi 
arc ill jiart rioli in (julo-riilioatcK. Noar Kuijirma liiiio.slouos aw W(‘ll 
UB (lolomitos ai'c found, tlic latter <Kriipyiug tlu* whole widili of the, 
Sapai just Honth-wcut of tlio villaj^o. 

At the bond of tlio Sapai soutli-wuHt of Kliijirma, iliort‘ arf' two 
bonds of dolomite 60 yards and 80 yards widi* n*Hp(‘otivoly, sepai'iitt'd 
•by a band of quartzite which, is in part Kli^htly dolotuitic amt 
about 100 yards wide. These dip to^^ardH iho H. li, al. iihout 
40°. Near the ]imotioii of the (luiii nah with tlu* Hapai um well 
as near Blialugarh tlmrc arc small t‘X})OHU]'CH of culc-ifdjyrc's. 'IMie 
last one is a short distance south-east of Koiutra near Ihc jiiiietiim 
of the Ib and the Hapai. 


We shall now follow this bed in tli<< nortluTU limb of ilu* auli- 
clinoiium. The Han llainaa and Hnkra cxposiircH nri* cvuh‘nt.ly 
continuous with tliosc .S4*cii ui'iii' Koilsiita and 
cHnoflum. *** (Jhutia. At the Jatb'r pJucc there is an t‘Apo- 
sure of white Haeeharoidal doloiiute of some 
260 ft, width. No cahJareous rocks are seen to the west el l-Jiutiu, 
though possibly the lateritie patches <*o]ieeal houu*. I’lu* hed then 
apparently turns eastwards and is seen exposed at Chitliidiri and 
near Antepuli. The exposure, about a mile brojid, of doloinitie 
marble in the Katepur yAtryire at this place, is attributed to an ant i- 
clinal fold which has practically doubl^ the widtli of the band, 

A small, partly iateritiaed, patch of the same rook is seen some 
diatance north-east of Rampui, thus giving evidence of its close 
Nflrtherti Umt stratigraphic relationship with the oarboua- 
ceoua phyllites. To the E, N. E. of this, fur- 
ther exposuiea arc seen in the Peo river west of Ehutgaon anti near 
Kundra and Limia. The Kundra exposure is continuous for nearly 
a mil© and a half, which again is duo to repeated folding. An 
almost continuous stretch of dolomitic rooks can bo seen along 
the Khatma «aZa from its junction with the Deo river, to near 
Banki— a distance of some 16 miles. The exposuros m the Khatma 
wdd are predominantly dolondtio. Idmestono is seen along a band 
to the north of this, passing through Pumapani, Hathibari and 
Rotaaana. The intervetdng area shows alluvium and soil, and the 
a5^paa»ttb (Bseontinuity between the caloitio and dolomitic portions 
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flooniH i,o ln’ llu* rc'HuH of loldino auil partial donudatioa, or ol tho 
tliinniiifj; out of IIk* linu‘oion<*. 



(-;-l 


n<itarnFt/c 

rriiAt lilv‘. 


r..-j CdIcDic f^^Carbon [i. ■+ lEpidiorite. 
marble ^ * phyllite, ' 


Kia. a.- -Skill' Ii (iri't/iou liitin lUuMjor Ihimifjh Uajiialhimi (iipfuoximiitely iiloug 
longilwle 8 1 ® ."jr ao"). 


Thiw liOTup.u’nfivoly small folil Hoonm to l)p lum-mstcnt iu the 
weHtorii jiurt of (.lie ex^uwim*, /.e., neiii* ih‘rmitrapur and further 
west, siiKM* l.liere tli(‘ wliolo baud dips ref>ularly northward at fairly 
liigll twigles. 

Throughout t-he e}isl(‘i‘ii end of tlu' aniielinorimn, viz., between 
Hall Hamuti mid Jjinira, Hie exposiircN of miirlilea mid phyllites are 
very imu'h obsouri'd bj soil eover. 'I'Ik* older (iiimu') carbonaeeous 
phylliH* giv<v) (4i(‘ main nine to the striietiire but the band of marbles 
exhibits jusl. a Htdlieient number of eApoiSures which all’ord confirma- 
tory tjvidejiee, 

Tho stremii nt Hiinivi gives n few eximsiires of (‘ulciphyres, but 
west of this the Imtid is si-en only near llniboga wJiere it has a lengtli 
of Homo tliren-fuurtliH of a niilo and a wddth of Iosh than (iOO feet. 

In the HubHidiary synelinnl fohl aroiiiid Hnromolian and Dublabera 
it is soon forming a hoiw-Hlioe shaped onterop. 'nie exposed width 
. _ , is much larger at the pitcliiug eastern portion 

u a rasyiit: ne, limbs. H i.s underlain as well 

ufi overlain by eurbonaei‘oUH phylliti'S, and dips iovmils Ihe oentre 
underneath tho eentral masH of earbonmieoitfl pJiyllito. The southern 
Ibnit of this fold can be followed for some distance but is obscured 
near XCuhimimuuda uml is iiuiohed out further west. 

This ssoue wflects in a large rncuaure tlio effect of folding on tho 
wiclUi of its outcrop, every piiehiug portion of the fold showing 
a highly exaggerated extent of outcrop. Huch is the case throughout 
tho nortli-oastom and oast(*rn edge of tlio antiolinorium and also 
in the subsidiary synclitm around Saromohan. 

Owing to the high mobility of the molecules of the carbonate 
under metamorphio conditions, a good deal of Jlno crumpling and 
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folding luiH boon produml, wLich iiiiroilucoH runfiiHum in <lu‘ nlwr- 
vaiiona of dips. Tn llio highly foldod pitrhing poilions o.sjjccially, 
oxtremcly vnriublo and a|)j)aroiHly contra dicttjry obwivaliuiis aro 
easily recorded. IVIuch Rocomhiry Hilica hna iiIko 1)<m>u introduced 
into the lime, stones as veins which emphasize the minor struetures 
to Ji Tctnurlcable extent. These BiruciureH ur<‘ well bronglit out on 
tho weathered surfaces beoanw* of the fact that vitv slight difl'er- 
ciioes in composition are reflected in the colour and hai'fln(“-s iif 
individual layers, which arc at times n nullimet.r(‘ or h'ss tlii<‘k. 


In the mam portion of the Houihern limb, tin* marble zone is 
separated by a bolt of phyllites and mhui-scliiHls, which is 7,0dd- 


Phylllte zones. 


8,000 ft, wide, from the underlying carbonu- 
ceons pbyllites. A much snialler thh'kiU'HH 


separates it from the overlying cnrboiiaei'ous phyllites. Jiut. in the 
northern limb, the lower zone of phyllit^'s is priictically non-existenl, 
while the upper is thin. In the Dnblabera (kSarmnohan) synelhu* 
neither of the phyllite zones is present, tlu' mai’ldes being direct-ly 
niiderhiin and overlain by earbonacjwiR pliyllitos. 


In following the band of marbles from east lo we^^ it is foi tid 
that it has an K.-W. strike in praetically the wlioh‘ «)r I la* judlelino- 


Strike (litecllons. 


riuni, From Anighat (Haipali) nest wards (he 
strike ussumes a direrdioTi between hi, hJ, M,- 


W. S. W. and !N. ID.- S. W. This is the case up to Kinjirnia. Near 
Kointra it again becomes E.-W. Further to the wesl, and soulli- 


west aU tho formations are t'xtonsivoly disturbed ami dLsj)lao(‘<I by 
granitic intnisivos. 


Some 18 miles to the W. N. W. of the last (Kointra) exposure 
mentioned above, however, dolomitio marbles are st»en in the stream 


UWpar.e«,o.ttt„. LiMpwa and Burgum. Here the otrike 

has changed to W. !N. AV,- E. S. E., in confor- 
mity with that of the other members of tho series, Tho dip is 
towards N. N. E. at 76® to 80“ and sometimoB vertical. 


In the mUt just north of Lifripara (22° 6' 30" : 83*^ 49') the ex- 
posure ertendfl for about 1,600 yards eastwards along tho stream 
and 60-70^ yaa:ds across, covering the whole width of the stream. 
Affcer^ an interval, another exposure is found along the same strike 
in the same stream half a mile further east whore it resumes 
its original direction after executing a northerly bend. Tlio western 
(lafnpara) exposure is about a mile long and the eastern (Surgura) 
exposure slightly less than half a mile long. The dolomite is* as 
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usual, liifilily foldod and contorted and (‘outama bands of somewliat 
viuynijs; degrees of purity, I’ho impure bands arc more common 
in llie norlliern pint of fclu' exp(xsure and contain quarl;4 and tremo- 
lit(‘. 

Th(‘ marldeH diHuppear at either oiwl of these exposures under- 
neath 1i»e soil cover. They may probably eontinuo on for some 
distancts It is not known wliether the horizon is simply covered 
11 ]) or pinelied out. No ciilciti(‘ marbles are seen in this area. 

All llie exposures «)f t]u‘ limestone and dolomite in Gangpur 
l^tate htiv(‘ ij('en exainined by prospectors and the better outcrops 
have IxHui worked at several places. At present quarrying is being 
done cudy ;di and near Birmitrapnr. A short account of the quarries 
will be givi'ii in tlu! eccjiiomic section. 


Thickness. 


TJu‘ widtb of the outcrop of the marble band shows variation 
from ])]iu'e to place. This is dei)eiident not only on topography 
atid local dij) but jdso on ilu' folding to which the band has been 
subjected. The clTcct of' folding is liowever not ijromiiieiit in the 
mid<Ue portion of the unlielmorium, which (‘an therefore bo tiik(‘n 
for eslhmd.<*,s of thicknesH. 

Tln‘ following art* the aiJjrroximato widths of the outcrop of the 
marble zone in dilVeiviit places 

Foot 


KoinU’u (nhiixaia) 
Kinjiitua . « 

Dandulialuil 
lhirkH]iuU . . 

Kiikiirhhuka 
Atn^hai , 

Bahijora . 

tlBi'a . . « 

BoupoKh . * 

ilaj^didi . » 

Birmitnijtur , 


1,000 

700 

000 

0,400 

1,900 

2,200 

700 

1,600-2,000 

2,400 

1,600 

2,000*3,600 


A few sections of the outcrops wore mottsurod by the writer on 
level ground, by pacing. At Birmitrapur the limestone portion of 
the band mea 0 iir( 3 S 750-800 ft. between the Pat^ahar (eastern hill) 
and Gurpahar (middle hill) and 1,000-1,060 feet between the Qmw 
pahar and Manipahar (western hiU), The dolomite portion was not 
measuTod owing to the ixxegulariiy of the ground. 
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III till* H.ui|)(ihli oultTdp liu“ ilololuili' poi’lion iikmmih'i 

ft, jixl llw InliM’il jhi'd liinriluno jKH'iinn iS(HI .srii) Iri't, 

tlip total l)(*in^ t luiH ‘J, luo ‘i.odu fiu't, M'lif a\<‘ra‘it’ wuHli ol th<‘ 
banrl can ho lalcoti .it holwooti ‘Jl.OtMt to 'J.hlKt loot with dip-. N.iiwiiip 
botwoon tiir Ui 75" wbioli uivos ti tliiokiioH.i of nruiiud 2,150 11. Of 
tluH, liotWL'on a half luid two tIurdH in doloniito aud tbo n'si lima 
iitouo. 


Physical properties. 

The limcatoiio anil (lolotiul,{‘ can, to Homo o\toiit, lx* dlslincul.sliod 
by tlioir appoarancc. The ilolotnito U },»onoiMlly ^\llito to li<<hl 
blniali grey in colour and finc-gvuinod, wliori'im the limoMlono is 
darker bliiiali grey and gonornlly coarno (‘xci-pi wlion* it cotilniiis 
a])prcoia}»lo quautitioa of argillacooiiH niatorial. 'I’bo dolomite is 
HomotimcH finely Haccharoidal. Tbo Hpooilio gravity of tbo UmoHtone 
Ih around 2-7 and that of the dolomiio around 2-H. When appro 
ciable amonntH of HiUoati* nnnoralM are pi'(‘Honl, higher \alnes are 
obtniuod. A calc gri(‘inri (41/(555) oonliiiiiing muc'li tromolite and 
diopisLilc gave a value of 2*90. 

In woutliorcd hiirfaccH the dolomite geneinlly d(‘V(‘|o[M a iiour]> 
whiti’ or light dral) coloured oruHt. The mirfaco also apiicaas muoh 
crackl’d and thin vcinn of quart/, arc not nnooriiunui. Very lino 
criimpling and o.ontortion arc froipiont (l*lat,o 2, (Ig. 1). The Ihno- 
stone, ou the other hand, hIiows more variation in apj)oaruncc, 
comprising strata of greater range in conipoHit.ion and im]im‘ibii‘H 
than the dolomite. A liinonite crust or brown diHoolonrod oiitocojis 
are frequently seen. Frequent changos in the abundance of urgil- 
laceons, dolomitifc and other impurities impart a good deal of varia- 
tion in the appearance of the different portiorw. Owing to tlu'HO 
impurities the limestone generally occupies tlio higher portion (i.c,, 
altitude) of the outcrop, though this may appear largely latcritio. 

There are intercalated bands of an argillaoeouB nature amidni 
the limestone and dolomite. These ate universEiJly present. In the 
Dnhlahera exposure, there are bands of satiny chlotitio phyllite 
(38/89 r 20026) oonsi^ng of about equal amounts of chlorite and 
paJo green biotite with a little iron-ore and toiumalino. Bands of 
-chloritio and Berioitio phyllites are abundant throughout the ex- 
posures in the Beo river from west of Khutgaon to north of 
Satca, 
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I*droj»riij)hy. 

,itul t-how .i|] 1 hoin 

pup' lull'’ tnm' .mil tlnUmiiii* 1(» c.ilcipliyiLb jiiirl tri'mo 

liti‘ Mcliisls on till' oiH' Iniiul .iiul i«» < uU'iiri'oiis pli\l]ii('h and mica- 
Hfliihla (HI ilic oilier. IViiifln of (.ilniieoub nijCH-HcliiHts aio conuaon 
iioi only Mniiflsi flic ni.iihlt‘ yiono bill, also in lln'^ snirmuwlini* amit. 
of llin H'lii'.t.i 

T\iuriil lilui li “H’s dolomites in Ihc tolletlion aie iriirosouteil 
by 3T/J<U8, 37 337, 3H/711, itv. Kiiiti white haceliaioidal doloimto 

is found just .south of the cahferu end ol Mtinipnliiir at niimiliapur 
!iml also in (he Deo ii\»r near {^idia. and nt other places (117/935, 
37/931), 37 /tint's ite.). I'inh and liftht onui^ie eoloins are also been 
nindv (37/l»3{i. 37/1319, IlKdltltl). 

Fine Imiiduij; and eiuiinilin^i me iiecpieut features, in the dolo- 
iniles nnu’h more ilian in limestones. A sinalJ expohure near Piir- 
hapnli (I'hile 1, lips. .show-i this \er\ \Nell. Other exposuies, for 
exainipU* near SiiKra (Plate 'J. |.i£. I), T*,itrai»nli (in tin' Kut.epur 
j/uni(t) IVli|nii() and at s(‘veral other phiees can la* cited. Fhif(py 
eideaieoiiH roiK is ‘eeii near Kinjinna ami Waroinohan. 

Dolomite neefiMionalh develops bands rich in treniolite buudles, 
as ma\ be olaervid near liipmltrapur, Kinjir- 
Dtilmiillc. I, „|, I, (;j7/()pr), 3H/tM)). The tre- 

niolite mashi’s diMid out firomineiilh on weidhenal Hiirfaces. Mnr- 
piritf* fhihes were 'eeu in an expOHUie near Behlih (3^1/97). 

Quart/,, a mapiiiMian mien and chlorite lire ulso const it muits of 
the Toek (37/lHib, :17/!13M, 37/919, (/c.). Mef^useopic p> rite's ia ocni- 
Humnlly foumi (37/919, 37/923, 37/t»39, vk.) near iSuu Banuiii, Birmiti’a- 
piiT and otlier (iliiees. 

In the baud just, nmth ot the (MiiitiapahaT is ex])ose(l a suoulia- 
roidul white dolomite, wdiieh conlains varyinp( umoiinlb ol quartz 
HH the only mineral in ailditlon to dolomite (19923, 19924). This 
baud is undiTltiin by fliiptwy doloiuKe (37/905: 19921) which allows 
muoh ehlorile, biotit.e mul quart/ with subordinak* dolomite. 

In the Deo river near Hatru and t'O its north, dolomites of all 
grades of purity are exposed. In the northern portions they grado 
into calcareous mica-schists (37/990: 19932). 

In the stream west of Bahki doloraitic schist occurs contain- 
ing a fair quantity of tremolite and a little phlogopite (38/30 ; 19970). 
In the tremolite-aohists, e,g,t Purkapali, the larger oyetals 
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of tremolilc aro diaiblartlio wlUi incluMoos of dolomilo or tjuart/ 
‘20131). SoiJK'timoH iho niinoral into a ]).»lo niwn 

.u'tmolito owitift to th(> pivHouoa of Hiiinll (|u.uilitii*s ol iion (20110). 

The troinokto is oftiiii aicoonipsmhMl by diojaaidc (lo/SO, lO/Hl, 
Ota,). [rre{»ular c.ryHtak of diopHulo arc* stM'ii in thin M'olirni 20107, 
eontainiug n Inrpfo number of incluMinnH of doloinile. The o.mie 
Bectiou contiiinH also flakefi of « pale yellow nueti whieli h |lre,^mn- 
ably plilogopitio. 

Dark carhonaceous dust-liko incltiHioim are (dti'n lomvi.1 in fli(‘ 

dolomite and tromolitc (20110, ‘2012J, ('tc.). Oiihoehise and niii'roe- 
Uno (20080, 20121) and honrmaUne (20211) Uie rare <‘(»n'.tilin‘nts. 
The tourmaline in the loRt caao is aHaoeiale<l with InMiiolile and 
shows orange-yellow to colotirlenH diehroimn, ami is j)t‘t)b,ibly a 
magnesian variety, in contTast with the bln<‘ grey eolonrH shown 

by the ordinary tourmaline m the miea-HeluHlH. A dolonihie tnarble 
near Beldik (38/08: 20004) hIiowh h few inbular erysliils which nn’ 
up to an inch in length. Tliese show prisnmtie <‘h*avnge, negative 
elongation, straiglit extinction, medium rtdief (c 1*555 ; Ui 1*575) 
and medium birefringence. It Hcems thcM’efore to be tniz/.onile 

(acapolitc) 

As lemarln'd above, tin* linieRl-nne liiis lad ter weathering (jualHh's 
than the dolomite. The rock is often eiierusted witli residual 
Limcsione kUeritoid matkn*, ike lion being eontrihiilt'd 

jiartly by pyrites, and partly perhaps liy the 
siderito or ankerite moleeulos whiok may be i>res(‘nt in the rock. 
In some places, for example near Kokorama, Ilatkibari uml I’lirna- 
pani, the greater part of the limoslono outcro]> is marlted by a 
lateritic crust. It is generally found that the finer grained portions 
arc more prone to latcritisation than the coarser, because they at(* 
rich in ferrugmons and argiUaceoUB impimtios. 

In his paper on the Raipura occurrence, Dr. hi. Hpencer has 
noted the following general characters of the limesbonn and dolo- 
mite 

‘ (a) The dobmito, on tho whole, oontalnu lote inaolubb mattor than the lime, 
atone, hut this condition dooe not uortmaarily liold Joeally, The non-aolubb por. 
tion of tho dolomite la mainly fluo-gmlued i^JJiwaouB or mlcsaoooiw mattoi*. In 
the limeatone it may be argiUaoecrua or sandy. The albitle UTOeatone has usually 
a lower total alniaina content than the atgiOlaceonft non-alMtio limostono, 

XX, y, W6, 
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{h) 'rracoH t)f pyriiio inu.tt‘jial oocur diaMeminalod through Iho cloloinito and 
lnn<*atoni‘, with a loiith'rioy to HOgH'gation in tho aigilUcooiis hamlH of tlio limo- 

Hloiio. 

{<') (’.ulmu ui'ovirt iiiiLltor opcuifl tliioughoiit tho gioy liiuoaiono. It is found 
iniidc' llin .ill)it<‘. quail/. .lud loiimialino oiystala, and iw moio abimddnt in tho 
aigill.\c(‘i)in hlm(l^ tinn in the ]niror Umostono. Tho dolomite is mostly fioe from 
r.u’honiKiooui nmtliM. 

{({) In the Ik'Ul, tho chaugu liom dolomito with 21 pei cent. MgO to limoatono 
wiMi loss thmi n 1 or n nt. MgO takes plato ia]udly, and haa evidently rosidlod fiom 
a rlnngo in the emiditions of aodimontation. 

Tho tmiisition beds nio nioatly doloiuitir and sandy. They van' honi white 
nt tho hn 10 to daik gioy at tho Lop. The thickness of these bed. is nsunllv’^ Ions 
ih.iri no feet.' 


The Hinall knoll of linieHtone ai Knlcarbljuka whoro some quarry- 
in'j; IiMM 1)0011 (l»)iio, nhowa dark groy to nearly black, flaggy, fitie- 
grained limo.stono. Tbo carbonate .shows fine 
^ ^ dust-like inolusions, whiob may be pnrtly ear- 

hoiiaoo niH and partly ferruginous. Somo muscovite, light-coloured 
biotiii* an 1 p/rito, and (K!C,isionally bliii.sh, ploochroio lournialin!', are 
also seim. 

Most* of the Um(‘sbonos tluit have boon quarried in the area are 
grey (soloured Miul show a small amount of impurities. The grey 
eoloiir 1.S prolinbly to be Jittribnted to very fine carbonaceous iudu- 
sioim in tlie caleite graitts. 

Near (be jimetion of l.ko i^apai and fclio tb there are exposures 
of (renuilitie nnrble.s in the former. They show diiblast-ic (romoli(o 
(41/(55M: 207711) wilb inclii.sion.s of rliomboliedral carboimle or qiinrtx, 
ami .simill (ju»intiiie,s of <|unrfc?;, pale yellow phlogopitie, micji anti 
oeeusioiial pyrite. grains. 

Tn the Hapai near Bhalugarh (21° W: 84° 4') a pale groon, fine 
grained, sehisl/oso rook (41/060) is exposed. Under tho mierosoope 
this shows (jiiart?!, microoline, a fair amount 
Bhalui^arh* » tromolitc, zoisito and a little oal- 

ei(<o, spheiic, inusoovifco and ohlorito. Further to tho north-oasb, 
at the eoufluonco of the iSapni and tho Uiirli mU, a fairly coarse 
banded t'alo-gnoms is Hoen (41/661 : 20776) whioh oonsists of mueh 
ealoite (or dolomite), tromolito and diopsido with some quartz, 
microclino, liiotitn and sphono. 

A.n exposure of what may be called oalo-gnoiss oooura in a low 
hillock a short distance west of Birtola. This rook (4:0/84 : 20137) 
is palo green in ooloujc and contains diopside, 
quartz, microoline, tremolite, and a little ohlo- 


Btrtola. 
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viio and splii'no. \ f(n\ ur.iitis ol /<iisiU' art' ,i1mi pr('{,t'n1, \indlit‘i‘ 
Hmall oxposun' ol Httuilar nn'k wos nojin'il jiIxjiiI IIhim' I tniHli.'. n) a 
milt' W. S. W. t)l lilt' hiuiu' \ illa",i‘- 

Tii tjit' Sa])ai \vt',sl ttf I’amlultalial i.i amdlii'r nt t-ui'H'Ufr 

of calo-{^miinH (4U/i{)i\ : ‘iiUrd)), TIiIh i'l a li”lii MuK*h jpv'y, (int'- 
'.p’aint'd, (;o)u])at-i rtM’lv i DiiiaiiuTi*' tpmrt/, mi- 
******^**' aroflim*, t»rllmclartf, rlitiiulmlit'dral cai'lKHiai.f 
and diopHido. Tlit' ItvHi iut*ii1.i<»m«l luini'i’ul is juklt* '"I’t'cti in liolonr 
and dialdaHtic witli inchiHioiih of tptarj/;. Finllit'r iinHli in tin* Huitin 
streani a BporiiniMi wan ohltuiittil (lO/|(»f», tiOlo?) widflj sliuws tlioji- 
flide, oarLoualt', quartz anti Biiuill iviuniiiils of {thlt)p,t)pitt\ pyjilit' 
and ilmGnitp altoriiu^ i,o tt'ucoxt'Ui'. A tnkic uiarhlt' frotn tin' Itolilili 
quarry (22® 15' : HI*’ 45') a frvv mii'at-t'tniH llaki's of a pttU' 

green minoral, wluoli W4W idoiitifit'tl uh nurgarilo. 


Albitc-bcarinjr calc’tnarblc. 

Of partioular intereHi in Uio onuiirroiicn of albili* In'aring hauilH 
in. the ealo-tiiarldt' in On' Muriipahar lu'ur Birmitrupiir. Tlin hamlH 
are found in tlic middlo and upper portitmw nf 1ho JinuiHttnu'H and 
are well Boeu in tiu* (‘xpnHums near tim buMcry of lime kilrm of t.bc 
Bisra Stone Ijimn Oo. Oikj particular zoiu* fnun wliicb I collt»ctt*d 
spooimonH whh found to have a hmgth of over I,(H)5 foot along tbo 
strike and about 150 foot acrohh, tint albittt lu'ing confiuod allttr- 
nato thin bands throughout tluH hcc.Uou. Tlio all)it.o HtandH out f>n 
the weathorod Hurfaiuj as Hmall loztwigtKHliajKHl tiryHtulH, 

According to Dr. Speuoor/ 

‘ Tho ttlbito otwiirh bparscly wcaitontd tlmiuf^h lljOHt> '/.oih'h, t)tU iu Sfutin jiliiciiK 
they are eo otuwdod as to leave an alrantluni Bludoloti ol oiystalM atlor solulioti ot 
tho limwtono in aoid. Tho oryatale usually wealhor out on tho bodding pIuncH 
of the limoatoue slabs aa tabulai’ lozoogo-shapod iudividualH ranging from ono tu 
two millimottos to a little over a oontimotro in length, 

Tho lirnestone aaaooiated with tho nlbito is usually fairly free fmtn ai^llncc'ous 
material, but some of tho banded Umostono enntains albito otystals iti tho caluite 
material between tho argUlaooous layers. A few smallor, ilbdefinttd Myslals some- 
times ooout in the argUlaoeous substanoo itself,’ 

SpeeimenB ooEeeted from ouo of the projmnent bands (38/19 ; 
19969, and 38/76 : 20011) are oomposod of oaloito and albite. The 
former oontaioa only these two manerals, while the latter showe 
also some quartz and fentuginouB matter probably derived from 

t SI. Spentier, Zoo, cU., p. 907, 
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A litUo niuiji is (locartioiially Jiofcirod. Dr, Sfioncor has 
also olAaiiu'd zircon, s[)liciu‘, ^arud, nitilo unci toiinnaluin in ynall 
((uaJiihii'H from tlm iiiHohiLlo rosiduo of tlio aJbih'-liinchiones after 
solution in acid. 

'Flic alln'tc ci'y.stalrt arc sluvjxsl aiul very Hat ]>arallel 

io h (010). Dr, Hpeiiccrj who has invosiif^aicd them fully, sialoH^ 
that the h<*Ht oryslals arc betwcou J and 2 juju, loiuf and show the 
faces c (01)1) and p (III) and occahioiully / (loO). They show 
twinning' cm the carlshad and a]l)ito laws after lh(‘ manner of ‘roe 
tournee ‘ twins. For furtlier paiiicnlars his ])aper may ho ro- 
ferrod to. 

Two aiudyHCH of the alhito are f^iveii funn Dr. Spencer’s }>aiM)c 
nY., p. 157 1 ). They weio made on cle.an ^elected mate rial. 


Tatiuio 15. Jiialf/i,o*t U)f A!biU> fimn Umpmu (Birmitm^ntr). 
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I,— K. B. Sen, anfllyirt. 
II. — W. SjMmeOT, BnalyBt, 


Origin. 

The IjmestoneB and dolomiteB of the area show variations in the 
magnesia content, apart from the argillaceous, siliceous and other 


l D. S^oor, loc, oi7., pp. 308^60, 
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impiii’Hiofl proscmii in tliom. In u fair s<‘para(i(Hi 

can bo maclo brlwron tlu) doloniiln Hlrala ami llu^ liiuvslniK' siraia. 
Tho cliango from dolomiti' lo limostoiu* |)laci‘ ra])i(lly. Tin* 

transition bods ol less than HO ft. tliirknu'SN aro, ai'corditifj; to Mpunvor, 
mostly dolomitio and siindy. 

Prom tli<^ analj Ileal resnllH of Kevi'ral liumireds of wuuph's 
taken at rofruiav intervals in tln» Binnitra])ur an‘a, Dr. Spen(;er 
bas coino to tin* (ioimlusion tluit Ihe flolomite is on the wlmh' pnrer 
tban the limcHtone. Tliis is also the i^enm-al impression gained by 
me on examination of all the out.erops oeenrriu'4 in iSanepur Klate. 

Regarding the (londitioiiH of depoHition, Hpemu'r s1at(*s^ : 

‘ Tlioao facia miprpjost that the tlolomitii wns fotiiioil muler eleui VMilev eoiuli- 
tionfl. Ohangos ilion sot in 'vvliioh luoiighi lh»» wniil,^ sednneiil. N'o\t inllowod 
conditions favoiimhlo to llui doijosition of ealeiniu euittonaie Uipellier ailh Home 
organic inaUor and ooensionally an-illaieoiM and Htind\ mnti‘U,d. Hi vus dining 
the last moniioTiod stage that tho cuiidiiiniis npnonr lu lm\ i* hoen fiuimridile to tl\o 
formation of anthigonic alhilo, (iiiails?, (‘le.’ 

As will he semi from the data given in the ee,onoini(' seel, ion 
(p. 15fl“lD8) the limestone hanilH show a good deal ot variation in the 

Daly'flviewfi* ningnenin coni out. Daly has shown* from a 

Btmly of tlie com[)oHitioii of mime 7tid analyses 
of limestonos of various agi'S that tlio pre-Dev oniun limeslioneH are 
invariably ricli in niagnesiuin and that there is a gradual decrease 
ol tliat elomont in tilie limestonoH ol later agt‘s, ^Plie juaguoHian 
content is found to bo very liigli lu tin* roeLs of prt' Cambrian times. 
He attributes this to tho pro-Clambrian seas being luaotically devoid 
of limo. This was brouglit about by tJio solt-bodled ])riiuitive marine 
fauna of tho time decomposing quickly at death and producing 
ammonium carbonate, which, by reaction with tho oalohmi. salts 
brought in by tho drainage of tho land, would prooipitato calohiin 
caiboimte and form ammonium chloride or sulpliato. Tho jiro- 
Caxhbrian faona had not evolved to tho utago at wliich they could 
build up calcareous skolotons, and thore wore at tho sanu) time 
no scavenging animals which would dispose of tho remains of dead 

ChMOlcjni origin, ^iihiials, Tho poverty of limo salts in tho sea, 
hiou^t about by tho precipitation of calcium 
carbonate, helped the ammonium carbonate to react on tho magnesian 

S^cer, loc. cit,, p. 366 . 
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Halts and ])roolpit<ato ina<ia(isiiim carbonate. In support of liis 
arguiuoiitH luj (;Lfcos tlio example of tlio Black Sea wkeio tlioro is no 
animal life below 100 fatboTiia and wlxere tko bottom muds are rich in 
powdery dopositH of wiloium carbonate,^ and also the experiments 
of Murray and I rviiici- rcigarduig tlio precipitation of hydrous magne- 
sium carbonate by the agonc.y of a strongly alkaline carbonate, 

Daly coneludoH^ ; 

‘ Wo thus flt'o lunv, ill tlio noaily ImioloHS Roa-Avator of Pr«-(lambrian timo 
the prupoition of proeijiilaUul maguosiuiu cavbouaiu ivould bo high, ovon, poesibly 
approaching tho ratio in tiiio doloiuito. Indood, il< is qinto possiblo that preci- 
XiitaioH of puro basic carboimto of maguoainni Jalor olmiigod to niagiioHilo, woro 
fonned iu thouo phices in the Hoa-boHin wlit-ro tho calcium aalta wero comploLoly 
absoni from tho oceanic <‘omposilion.* 

Ho addH further^ : 

‘ Our hypothoHiH hoUIs that tlio calcium carbuiiato of tho dolomitos and of tho 
pure calcium -limoatouo ■woh, tor iiiosl of tho Ko7.oic iron, introclucud into tho Boa 
by rivevH. Notwithslandiiig tho h1owuor» of tho prooijiitatum of magnoBiuiu oar- 
bonato at ordinury ieniporatureM, sonio oxcm of magnoHium HnllB iu solution in 
tlio soa might easily (icnnit tlio basic inagn(‘Hium carbonuki to bo thrown down 
iu very liigli proiiortioii when fomparod with the pi’ccijiitato of tho othov carho- 
nato. Wliat dotorminod tho actual csoinposition of any one bed cannot ho doclarod. 
Ujipusito tho mouth of a largo rivor wo might oxiiout bods of practically puro oal- 
oiuiu oarboiuito. h’ar from Iho slioroH tha clioiuioal ilo])osit would bo more maguo- 
sian. tlradual cliaiigoH iu the rivovs, iu tlic marine ourronts, or in the configuration 
of the oottst lino, wsmlrl causo alioruationa in tho composition of tho prociiiitato, 
tho tuagiicFilau oomiJoiicut rising or falling aurording to tho liighly variahlo oir- 
oumstancos,’ 

In addition to tho original high oontout of precipitated magne- 
sium carbonate, tho dolomitisation of tho limestones by tho magno- 
siunt salts of tlio ocean is uIho oiivisagod. 

In a later paper® Daly shows tliat calcium carbonate is mostly 
precipitated in tho neritic zone and tlio shallower bathyal zone^ 

IIIltlima*n«lu.i.con. I'MCaitibriaa timoB, tlio area of 

lent in Pre’CaiiibrIait tho hwuluunss is supposed to liavo boon much 
llmesioues. smaller than in later eras, the seas would have 

boon shallowor and would have afCordod largo aioas for tho doposition 


^ Guido doB oxaurslous, VIlih Oongns, OboI- Intern-, No, 29, (1897), 

« Proo. iioy. Soo. Min., XVU, p. 101 ei ecg,, (1890), 

* Daly, lo6, cit,, p, 107. 

* Daly, «)«., pp, 107-108. . ^ 

* R, A, Daly, S*irBb oaloBiraoua fossils and tho evolution of Umostones, 
Sqq, Awar., pp. 168-170, (1909). 
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of linu'Hfoiu'iH. II<‘ ilial, in lliiiotii4Hi liu'it' w.in 

(loul)lo tlio [m'M'iil, ni'i'a in (lio Mtu, 1o llo' dl loti ot 

liiuoHtouo iviul oloviMi. lo 1 wioit y oi';Ii(. iimcs 1 i*,iN jMc* \ of ilvcr- 
bomo culoimn HaltH ronuitininj* in nolu(ior), .‘md tlint jii pio ( '.imln'inn 
LiiuoM.ouos tlii^ (’ti. : Ml; mtio wan IM5 lo 1*1 : L v\i»irli i*. .shown lo 
bo vnry <;1 oh(‘ to iho ju'tiial proportion «)r <‘h‘Uic'nts in tlio ii\orH 

drainiuR tlio pro Canibriuii torraiU‘>4 at I Ho prosoni- (l.i\. 

fliuoo tlio (Jambriaa, tljo projwjHitni ('a: M" jn ih“ lino'stimoH 
has at(iadLly rison to tlio valuo of about MI: I in llio (hotaoooiis and 
53 : I in. tlio Tortiary. 

A f;ood doal of attouUon lian boon paid in ivf<inil Mvitr. to tbo 
problem of origin of limoMtionos and dfdoinito.}. It in now loot ni .oil 
that ImwatoiioH form, at fairly Hbalbiw rloptlw. 'riii’' .dn.i'riio ol ohun 
and Rauds in t.lio {loiioral oaso is porbapR t(( bo all rilmlod lo llio 
low lovo-l of tbn (joaHtal land wliiob woulil allrm \oi\ Jilth* Mh.pondod 
material to 1)0 carriod into tlio Hoa. Ilowovm*, Ibo pio-ioivo of iloj.rital 
matomlH (tlio boavy minoralM of Kmlimoul.,i.r\ pidrolonudh) in also 
known in tbo liinoHtonoH, ho that thoHo ran lio takon as liaviin; 
boon oarriod into tlio ais*n of fornuiiiou of liinosloiioii b\ I ho hl.roanu, 
Binoo tiKU'o wore ovidonily fovv aiiinuvlH in llio pro ('ain)irian tiiuoH 
with hard juu-Ih, foHHil ronudim aro piaotioally unknown. 

In r(«iout yoai'H tho a^ouny of alaio* and buotoria ha-> boon roooo- 
nised to bo impoHant in tho formal ion ol limoHtonoH. Tho aI}J!0‘ 
, „ . , (loiiOHit oalfiiiiu carboiial.o in llioir kIioiuh ami 

are found both uridor frohli*wator and inarmo 
conditioiiH, Marino caloavoouH alRiu linvo boon found in coral linui- 
stones,* Clarke and 'Wlieclor® have shown that thoir Htruotur<*H aro 
highly magnesian. It soeius tliorofore poBwhlo tliat tho early I’alnoo- 
zoio and pre-C*ambrian liiuebtones may havo, at loaHt to Honio ap^iro- 
ciable extent, been formed by the aRonoy of Huoh algst**, ouoo wo 
admit that a long period of time elapsed boloro tho aiurnalH ouuld 
evolve ±0 the state of development of those wliioli are runt witli 
abmidantly in tho Cambrian. 


* / Cl'irwMd^ On the important part played by oftIi»nr«)u« akw at rortaln kooIo- 
gwal bompna. Owf. Jlfoy., prcaUo V, Vol. X, pp. 440-446, 40049S. 646-663, (1013). 
OAO *^‘^^** Vol. 30, pp. 837- 

* f, W. Cl^oauJ vv. c. tVLeolcr, Tho inorgauio ooiwUtmmtH of marine hivorto- 
taates, V. 9 . S., ^rof. pap, 102 , ( 1917 ). 

Limertonee of Poansylronw. PeWTt. Oeol, 8urv., iih 
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riin |)r(‘(‘ipi(.;i1ii(>n of liiiu* iliroii^h tJn' c)r linctoria'^ IH 

also Known KIk* \vorK of Dim'w and ofliorn, Dtow’h vio\\ 

is, -liowovtM', ])ai-ily oonlcislod 1»\ |{. J\l. Field, ^ wlio Ihijiks that the 
liitu'sl ones are noli hiritK'd in f,lie open oeeaii in (die niamier outliuod 
hv tlie foi'iner. In I, Ik* IhihainaM there are iiuuiv localities where 
urea liaeteria preeipitale ealeintn earhona(<' iindiM' eerliain eoiiflitions, 
Snipliale H’diieiiv I'.ieleria as widl an eellnlose-d(‘si ro\ iioi, ones are 
also pn'senl. Idie lasli aie held lo lie r(‘.spoiisilile for j.hc' deeoni]>OHi- 
tion ol the jiihiindaid oryai ie in,»tli‘r in the s\\;un))s and also for 
aidiiiif in the proi ipilaiion of ealeiiiiu eaihonale. 

VVith re'.'ard (lO dohnnile, (he study of tin* pre, -Cambrian stratti 

OoIoiuUc exposed in th(‘ fort}' ninth parallel in the llocky 

Mounlaiin .ymiuyiielim* V(‘t*ionj letl Daly^ to oon- 
elude ; 

'I’lu* f onstiliH'ul pai licliM :iie eitlit I kIioiiioi jihic jumI iou<‘1i1j iliombolieihul. 
Or anhedral mid fiihdly inliMloi'l.iiie. Tlu* l<ji inur me m im} w 1uo(‘ o( nearly nuifonn 
avi'i’H'^e (li.iiiieli'i , liifedti" fiuiii Oail iiiillinudei lo O-o;} nullinii'ter willi an average 
of ahoirl n>pe iuillmiel<*r. 'I la* iitdiedi.il {oaiui nniae tioiu 0*U0.“> millimeter to 
(I'lm iiiillintel(M .^^ela"ill■ ahout O-Ul.i niilliiiielei.' 

Tlio sam(» utiifonn ^rain ire\ails in the Archaean dolomites of 
Idaho and in the Canihrian limestones of Motitana. The averaj^ie 
‘train si:<e is very <’hiee Isi thal of elieinieally preojpitiated ealcito 
and dohimite ervslals, for evaiuple in the Norwepfian dolojuite and. 
in the pnHnpiidvIrf's of oaleib* in the eavitietJ of the Funafuti coral 
limestoius Tli(‘re Jiave. heeii other advoeates of tlio ohomical J)re- 
oifntatlon tin'ory, as well as of or^anu! and clfwtio modes of origin. 
l*orliaj)s the nmst widely held view at the prestmt day is tlmt dolo- 
mite was fornnsl by the i‘eplae.emeii,t of limestone maiiUy by the 
aetion of the uuignesian salts of the sea-water.* Mxeellent suittnia- 
rios of tlie various li^potheseH of origin iiroposisl hy dilTerent authors 
have been given by K. M. Van TiiyF* and F. W. Clarke.® 

* (J. II. On dm precipifiHiJirt <ii e.ilcium <*(irlimintf‘ in On- noa 1>v ttiariiie W- 
U'rin. amnt'ijh hint. Wmhitminn, PiihL, IH2, pp. 7-4r>, {HMdJ. 

K. F. Kellerimm and N, It. Kmitli, Hiwlaial po (lipilal um 0 / eoit-iuni <‘arl)onat e. 
Jour. Wash. Ami. Hr,, IV, pti. -lOO-toa, (IJd t). 

* It. M. Ficlrl (t <il, (h'oJoi-y of tlm Italiaiium. Jiitli. Ontl, Hor. Amer.t XJjIT, np. 

750-7S4,(J0;U). “ 

« J9w;/, Grol. Hon. Amr., XX, p. 108, (11)00). 

Tho Aloll of Fininfuti, (U<»yal Hoeiety, London), (lOOd). -T, W. dudd’a roport on 
elminienl examination, pp. 

® Jj\ M. Van ‘J'uyl, The origin of dolomiU\ Towa Oral. Hurv., XXV, pp. 257421, 
(1016). ComJusion, pp. 307-406, 

* P. W. darko, bata of Geoohoiniiitry. V. H. Q. i*?.. Bull., 770, pp. 505-580, con- 

oloBion on p. 578. ^ 
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STATUS. 


Tn tlio jiros('nt citso llio only or;'«uiiMn.s wliirli coiilS liav(‘ l.iK’ou 
part in tlio [oiituilion of tlio rook aio priiiiiiivo oiu'.s Iil\(‘ alp^u' uiMi 
hacteria. Tlio jTouoHbcs wliioli (‘im l)<‘ coiu'i'dod a,* luivijip lakoii 
place aro : 

1. Uii’uet ])rofipiiation of Jiiixod (•nil)oiitilo by cduMnioal or (npa- 

nio agtiiK'icH, ov bolli. 

2. TCmiolunont of iiuisneHuiu carboiuitoH by 11 m» Jrardiiup, away 

of HOiur <i£ tlu‘ calouim carboiiatt'. 

3. UopUKiOuioiLt of oivbiiuiu carbonaLo l»y tin* <lolotiu't(*, tin* 

niagiiosium being Hupjiliod by tlio H<‘a-wat(‘rH. 

Tho last ie considerocl by Van Tuyl and (Harlvo to b(i tin* numt 
important in tlio atratiliod doIoinitoH. Maguewiinn balin aro oou- 
tainod in more alnmdanco tbau calcium waltH in sca-watcr, and tlm 
sulpliatQ of magni‘sium aocma to bo tJu* more activo agent in tliio 
roplacomcnt. Tko faotorH wlihdi bclp in tlm r«iila(!<Jiru)ui. anj tho 
proHonuQ of aragmiitc in tho original limobt<uus liiumcHH of grain, 
porosity and -warm tom))(Tatur«. 

In tho pTe-(^ambriau mcUmorpliomMl limcHtouoH Ulc(( thoNo under 
con side ration, it is praotioally hn|H»HMiblo to find ovidciiccs of nil 
tlio proooswos wliicrii might luivo contributed to their foinuttitni, 
If th(^ conoluHiona of Van Tuyl and (llarKe aro generally applicalib*, 
then tlio dolomituj boda undor oonHidoratioii i»my be Huppemed to 
havo boon originally laid dowjiiw limeHtoiu^H with an iif)prccia)do inag- 
nosian content, and later on, ao doi>oHitioji procooihid, gradually 
enrichod to true dolomitio uompoHition. Tbo Handy _ trauHition luxla 
mark tho limit of tho dnloiuitoB. Tho formations which followed 
later were limestonos (somewhat magnesian in certain Imnds) whioli 
wore probably deposited at quite shallow dopths, as ovideneed by 
comparative frequency and riolmess of sUicoous, argillacsoous and 
organic matter, but whioh have not been doloinitisod to any extent. 

iWetamorphbm. 

Sinoe their deposition, tho dolomite and limestone bods have 
been subjected to metamorphic conditions which brought about 
thtir conversion to crystalline marblos. Tho assooiatod argillaoeoua 
. mateii^ have become phyllites and ohloritio mioa-sohistB, Tho 
marbles have been completely loorystaUised, ofton to a ooarae 
grain, and been folded, crushed and sheared. Subsequent veins of 
oaloite and quarta have been introduced. Silicate minerals like 
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dio2)sidOj tri'tnolito and aciinolite, pHogopite or magnesian biotite, 
toiinnalino, albito and inargarito have been produced. Di. Spencer 
meidions Hk' prcsonoo oJ" gaiiiot in tbeso, but as these seem to bo 
prosont. in nucioscojjic (piaiditios only, and as I have not come 
acTOisa any garnet definitely asciibable to metamorphism of the 
limestonoa, tJie minora! is probably of dotrital origin and contained 
in the original olaslic material which was deposited with the carbo- 
nates. Hut, sinoe garnet is abundantly ])i“ebont in the mica-sohista 
of the region, its ])ioduetion in the marbles by metamorphism is 
quite possi])lo. So far, howev<‘r, only detrital gainet has been met 
with. 

Mu(‘h of tlio mineral assemblage of the marbles is characteristic 
of the epi-zone of Oruboumann. Hut tlie presonco of tromolite in 
all the outcrops and of diopside in the westei’n and south- 
western parts, defniit(‘ly indicates the oonditioiis of a deeper zone. 
From other ovidonee, whicdi will be discussed in connection with 
the rruoa-Hohist, it is clear that tlio roclis of tliis area liave undergone 
regressive motamorjdiism and that cpi-zone cliaractors have to some 
oxtont obseured the moso-zoiie ouos. 

Both the limestone and dolomite beds show the dovolopment 
of silicate minerals, It is now well known that oalcite^ dwsooiatofl 
at atmospheric prossurcj at 900 ° 0 , and that a weight of rook equi- 
valent to forty metres tliiohnoss jnovonts its dissociation up to 
MOO^O. a 

The dissociation temperature of dolomite lias not been defimtoiy 
ostablishod, but it is lower than that of oaloito. This is recognised 
in practice in lime-burning, where magnesian limestones are dead- 
burnt at lower tomporaturos than pure or liigh-calcium limestones. 
It ia also generally ooncodod that the presence of moisture and of 
impurities such as silica, alumina, eto.i brings down the temperature 
of dissociation and aids in reconstituting the rook into a marble 
with silicate minorals. Bskola states® that the lime-silioatos in 
marbles aro good indicators of metamorphio conditions, the lower 
temperature zones boing oharaotorised by quartz and some other 


1 J. JoliMfcoao, Thomal disaooiation of caJolom oarbonftto, Jow. Amer. Ohm. 

BOOtt pp. fl38"940, (1010). rtn.i>VinTI 

E. H. Smyth and L. H. Adams, Ofhe syfitam, oaloiiim osido— carbon dioanci*. 

Jmr. Amer. Ohem. Boo., XLV, pp. 1107-1184, (i®25). „ nt r>ww • 

• N. L. Bowttn, Oeologlo Tnormomotry (m the Laboratory Investigation of Ores 
edited by B, B. Fairbanks, York. 1928), pp. 1 89490. 

« P. Bskola, The mineral faoios of rooks. Noi sk. OeoL Ttdsshrift, VI, p. 165, (1920), 
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ftpi-zoiio huucI’uIh, wliili* ilui ]iii»licM* iiMup<M‘iil uii'rt pnKluro 1 
fliopaido, <i;aru(d, wolidsfoniU', vlr. lie lius di.'iliii uni, slu'd lour punv- 
^![onoU(^ holoiiyiii^r l,o ,iiicc(‘,s.d\M‘ly Iii^lu'r (,('Uiji'‘rid'Un‘ /jiuu\s iu 

Fijilftiid*' : 

1. Qurtrii/i-rnii(‘HL(iui‘ in wldrli quurk is coM'xiuti'ui. willi dulo 

niiiu. 

2 . Ti'oiuolltxidinu'stouo, Tri'inolito in luiiuilly pirsoid ; (itiuH./i 

o(‘<'ni‘K In ciilfHu r<K’k lud. in nolr co nvintiml, \vil.lMlolomi1-<^. 

3. DinpHido-linu'rtLoiK'. Dnipnido is iihiiuUv priwid ; (jUiiHi/. 

occurs io^(ji.li(*r witli cuU-ito hul. not vviili <l(ilotui1c, 

4. "WolliisUmit('-linu‘Mlon(‘. WolInHUnuirf* is pri'suiit. providi'd tho 

rook oonl.iuns Hilicn in oxoohh of tlio iinuumt noodt'd to 
forju tj[i(i uufcf'iicHunti-lmurin^ HilicutcH. Qiiarti? nrul cahjito 
do not occur in direct contnot witli eiwdi otlicr, but 

woUafltonito may abut against quartz or agaiusi. cal- 

citc. 

According to Fskola, t]je tr«niolit(» may ocnnir partly in tlio ‘ grt'cin 
R(diifit ’ facies and paHly in the ‘ amplul)«ditc ' facies, Imt diopsulc 
o<!curs only iu the lattor. 

Tlinugh tlicse fiwds an' ■widely rocognised, no tpmntlj.ative data 
arc available ab<»iit tlu' contlitions of foruuvtiou ('f tlic litnc MiUcate 
minerals. V. M, (Joldscdimldt** has <!alculal>('il a temperature raugi' 
of ntHT’O. to M00"(J. Cor variatiou in pressure between i,0(M)und 2,0(K) 
atmospheres as tlio limit within wUioh (piurf-z and <tHlcite can co- 
exist iu rooks. Rnt Jiow<'U‘* states that the tomporaturcs corre- 
sponding to the above prossuros should bo somewhat lower ihau 
those oalculatcd by Ooldschmidt, Ho fat as 1 am aware, no wollas- 
tonlte-bearing marbles occur in the area under cousidonvtion, Jt 
appears therefore that the temperatures necessary for the forma- 
tion, of that mineral wore not attained under the high pressures 
obtaining in, the strata during metamorplusm. 

With, regard to the albito in the albite-bearing limestone, Sponoor* 
comes to the oonolusion that it is anthigenio, and states in support ; 

* Tbe idJoinorphic form and other eharactora of tJioae albito crystals imicludo 
a olosMo origin. A nu'tamorphir origin would also involve many dimoultli's, among 


" N, K Bowen, di,, p. 101. 
Spenoet, Ims, oU., pp. $72-373. 
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whu'li .110 (ft) Iho .uMiif,oinonl of < t^ylah in yotKs iwuillol Lo llie Ijoddiuu:. (Ji) tlio 
.ibsoiuo (»t oIImu nmul,lI^ ol puidv iiu l.im«n]»lnt (mis'iu, (() llio souico ot Iho so- 
diuio, ,ui<l {(I) tho icl,ihv«t puiit^ ol ilio .iLhilo, c'^ppd.ill^ Ji(orl(mi /join hmo. 

Tlu' him 'ilono li ii u iliunly siilh>i((l moiiuiitiipliisin iviid m jiJ.uos tho ioldini]; 
has ]w‘tu luh'iNo. 'I'lii, mol nmitphisin, Iiowimi, dm's not .qipeai lo havo lo- 
sultod in .in> minojilo^n.d i« ii i.mt'iMiind, <ind ll»* .jlhii(' pimoui in tho Joldod 
aioa-i hiH Hliand in tin* niol.imoiphism, having hocoino sLi,iino(l and HoiiioUmos 
Hhalti'iod, wilhiml ('\idiiKoi>l jictm lilulion Thi" li.nluios aio oih'n floiiii and 

shai[i, tho (i\ dills li.ivm"' nluum Iv hi on inimod pimi to tliH mnvoiucnl 

Th(‘io am no nji'in ol i!»iim)ih .nlmlv in llio nii ddmiiThond. It .ippciis ]uu;ldv 
piohahio, llioK'loio, (hil (liu dhili h aiithi , m winch ( a co n snndai oii(«in 
for the' idinimnplin ipiail/ci\ 1 .d< lln pMilc'', lln* intilc, nio-.t oL the inic-a, and 

piohahly imifll nl the Inuinidim nn hi also lio ptessihio 

Tho viow of an .Lii(li]<>oni< niipiti Im I ho o ininoi.ds is lion 'tluiud h^ a comp.in(on 
with (ilh«‘r 101 oidod occiiiiouco'. cd tohjni m ■.odumMil.ny hinostonos and dolo- 
miUw, many ol whn li li.ivo ho<*n dolimh l\ shown lo ho aulluomm 

Tlio fenu ‘ aulliif^oriK ’ Implies tliut llio iuinord.1 was foTuiod 
nmloi orclfiuiy oonditions and {^rown ?’// stht, ( oidom^mmnoous willi 
or soon ijlao- llio di^fiosil loji of iln‘ .diala. li m admdiod liowovor 
lluii llio looks liavo boon loldod and Tuolamoiphosoil. la some of 
ilio parallol (lamls in tb(‘ aoi*d»bouilim>d tliiov is IiotuoIHo in llio 
auublf‘ bands. TIio allulo is ahva>s nssoi lalod with fairly ooaiso 
oryslallmo lahilo wldoli ih ovi(l<‘n<‘o of luolaiuorplii.ini. Tlio of 
ilio soldo,-, is ooiisidoK'd by Spotioor and by all olbois who liayo do- 
soribod llio aron I ill now as Cuddapah (or Viiidliyan), Jnil tin* piiMoiii 
wrilor lias addiiood f‘vulon<o io show lhal. it is ihdiuiioly Dharwar, 
Apiiu, llio laij^'o sm‘ ol tho albito oiyhlalH (up lo I oiu, lon^) is noi 
in favour ol a puioly aiilliij^iniio oiif'iu. Tli<ni;.di ii may bt* adiniilod 
iltai oryslals of folspap ooour in nnmolaniorplioHoil liTUOHtonoH, tliiat 
iiHual IH botwoon 0*01 mm. lo O-OH mtu. 

Tlio f.iot lliai tlio albito (r^sl.ils arc btoKon by lait‘r luovomcnls 
dooH noi proolndo ilioii bavin** boon formed iin(h*r inotamorpbio 
oondilioTiM, In any oaso, ili<‘y could liavi' foiniod dni-inj; ilio early 
HtapiOH of nioiainoriiluHia. Wo Iiavo in tluo aioa abundani ovidoitco 
of moro ilian one poiiod of lolrlin*jr, anti a ])oiio(l of roi^roHnivo meta- 
morpliifimj ho lliat- wlion ilio loltlhif? won inionso, tho frat'iurcH would 
liavo dovolofmd without, uis’OHHarily rooouHtiiutinp; iho rock. As J, T. 
Hingewahl dr. and 0, Milion^ point out; - 

‘Tho llongal lutmaidrio has umh-iKono niolanioiphism and clone foldinji*, and 
tho ovidoiico iWUliucMl by Spoucoi iIooh not pitfhuln tho foiinaiimi of the folapav 
at an oarly Htago of tliis mptamorphisra.* 

^ J. T. aingowald Jr. and OliaiU'B Mdton, Anthigonio feldspar in limestone at Glon 
FaJls, Now BuU. Owl. Son. Awer., XL, pp. 466-467, (1929). 



C6 aEOLOQY OF OANOrUJi STATK, lOAWTKRN HTATMR, 

The ahsonco ol any reuonHt.itution of tlio Tf>ok ‘ih uof. of Hpocial iiu- 
portanco, ainoo uiirler llie low f^nulo of tuotuiiuu’phiHiin ])OHtiulu1<‘(l 
horo, Buoli a chaufj;o may not otumr. 

Dr. Sponocr, with whom I liavr roronlly tliia ipioatiiou, 

points out tliat the hIko of tho albito oryhtala in tiol* a roliahh* crite- 
rion, that thoi ‘0 are no oc:ciirrono(JH, Lo his knowUMl^*, (»f linu'Htonc 
or dolomite containing albito or other foluj^ar of provc.d mct;Umor- 
phic origin, and that tlicro is n<> tromolitc or other m<*tamorphic; 
mineral in the alhito-bearing zoiios. The difteromMw lietween our 
points of view largely disappear if it is mud() clear that tho condi- 
tions of metamorphism onvistigcd arc thoso of ICskola’s tomperaturo 
zone 1, referred to on a previous page. Whether the tt‘rnx * juilhi- 
gonio ’ can be applied to minerals formed mulor tho.so erOiuUtions 
will then ho perhaps a q^uostion of opinion. 



OlIArTHlJi IX.- THE OANGIHIB SEKlEK {conoU,), 

MlOA-SCllIKTS AND PTrYLLITES. 

liy frtr tUo luoHt abuiuluut and widosproad rocks of tke region 
ar(i Juiou-Kr.liists and pliyllites. They Corm ])arts ol the geological 
Huo(‘('HHioii afc all horbonH, and are para-scliists representing mota- 
in()r])li<)Hed argillaceous material. "Where abundantly intruded by 
granites and paiily assimilated by thorn, they form composite 
gU(‘isHew and f<'ls])athie schists. 

There is a large variation in the appearance and characters of 
those rocks. To (.lie east of the Gang pur antiolinorium they are 
pliyllitic in cliaractor, Iioiug of a fairly low grade of metamorphisjn, 
Jn tlio gi'oatei' part of the aniiclinorium and in the area between 
it and tho granile batholith of Banohi, they arc highly metamorphosed 
to orystalUiW' schists bearing garnet and staurolito. The crystalli- 
nity as well as the mineral composition is very variable, and more- 
ov(U* ov(m tlu' biglily imitamorpliosed rocks simulate tho phyllites 
as thoy have gmierally been Hubjoctod to retrograde) motamorpMc 
coiulitions. 

In tho (ilangpur series there are, strictly speaking, no true phyl- 
lites. For oven in Idio rocks wJiwjh contain nothing but cpiartz, 
ml(5a and chlorite, s(.ructiur<‘s'‘ are frequently scon which show ovi- 
deuce of tJie rociks having beim siibjeetod to motamorphism of a 
higher grade than is ajiparoiit at first sighb. Tho granitic intrusivos 
have alT<‘cled tlie coarseness of crystallisation as well as, to some 
extent, the mineral composition. Tho repeated tectonic disturbanoes 
have left their impress on tho rooks, as for instance in tho rotation 
of the porpliyro blasts and in tho partial reversion of minerals to 
tlicir represiuitativi^s of a lower grade of motamorphism, 

Pot the sake of oonvoni6iu‘.o the general characters of all tho 
phyllites and imca-sclusts of both tho Gangpur series and tho Iron-oro 
series are given here, and roforencos will bo made to these, where 
nooossaTy, in tlio description of the Xron-oio series, 

Phyllilcs. 

The rooks may be divided into phyllites or serioite-sohiets and 
mica-Bohists. The phyllites are generally grey in colour ranging 

!B. Knopf, Kotirogroaflive mctaiootpliiBn* and phylloniiiwition. Amer. Jouf, 
86 ., XXr, p. 14, (1031). 
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fl'diu HilviM'V \Nlli1d li.n.' ■! M M* Til* V 

show vt'rv iiiu* fMlialiuu wlm!) < * ♦!*•' j !> ' nw IIm* oii“(iiivl 

of noilino'iil. l'» ‘ftiil itof'MHii (I ii .uj'o, 

thom' nui\ In* (utloil pIi\II*Muli i o* < i‘« I ’-n |mO o uIiIpiK 

al)ini(Uiuli ill ilio Koiillt o.i .looi j».n( <*1 (1 h .u‘.i imt v <(liin flu* 

nut-icliaorimii. ilwoll ah- tovM.ii fo* ..InJi » .t t Im ho liojto! 

IuMM‘ for |Mi?‘|'OM‘o i»l tli-M I ipl o»n. VIm .h '(olii * i*ii\ wlo-u 

fiue-|iii‘uijo‘(l (:i7/it:iU, In l(, th.) ,i in t‘. < po o pi hiuI.hKh)' 

tlipi oniHhcil <‘oiitrliiiiu‘r.»ilo looth ol Hi hj 11' i- iIm t'“ I (I'Mih 

alioWH nlmin tilij) i Ioavjv«.m' in aiI«1i(oio ih Iiaii«H!‘ i ho !i icpn' 

tho ori|fiiuil layoi'h of doptiMlioii. 

Ill wwoml <n‘i-urnMU‘t‘n \t'n liu- pui I i mh * .uo* * hhI.Iih'' uh* 
notidcxl, (irtpttoially uIumi hpoi'liui-ii • mo Itinl » o .0 im tlio UiIiaIhhj 
(40/141, 40/171, llMlo, •/<*.). Irfiul hi-n Io < miiMo*! filol- 

liboH occur ill tvHSOflfttioii villi tlo* in n»il -i .i* lllnm.ipir. Sitiii- 

lar hut phih or piirphiili hm-Ki an* m 11 in llo- lull -oilooi »'A>i 
of Kuiunvlili. 

Tho Npooific Kiuvif\ of llio pli,llili.» noli 'm* llo I'lili'iilii' imi"-*. 
liArt tlio avcms'c saIuo of the Uo lo«,( no’ ‘M .uul lio* lour^t 
2-704. 

lu fif'iionil, llin philfifio (or pli-v tlnn'm ) out , ,Imiu a {.upo 
anioimti of H'rioilii aitti ililonho ih.iImoJ hi a- oh-iu 

bioii willi (pmi't/,. SotiiiilimcH iinu llum. 

Tlicfo uro wwiMul i-hsoh in wliii-li n » h loo. . Innt ilio oi-cAMutial 
proBoiioo of porpliyroliluMtrfi of hiolilo or "inio‘t, wlin-li loiM* hoou 
rotiitoil ftud altered lo a lurpe evUnil. 

Tlieao grade Nomotimes into hjiotled nelilhh or J>iiutut ,si /tltji r, U»o 
kuotfl being iniuutc garnolH or elota »i- ag-nepalert (*f hiotite and 
ohloTite. Those roproBOiit uidivhhialisotL t.ryhlalline ininomlH wliieli 
have built up comparativoly largo eryntallobl.iHth by iiiigial-iou <ir 
transferoBoo of matorial during motanuirpliihin. 

IWica-schists. 

There ia every gradation from touKh wliieli arc pUyiliteH to thoKP 
■which are inioa-Holiiets, in tlio varying c-oarHeiioHn of llu' eoaiporunit 
mdtvidual mmorala. There aro muacovite-BcluHla and biotiUi-holiwIiH, 
and others which contain both tho mioan. lu a good many plaocH 
ga^et and st^uroUte have been developed, atuL lu Uiohc occurrenocu^ 
i^ystaUoblasts of biotite and chlorite are gonorally to ho aoeu. A 
varyir^ aanotpit of quartz is always present. In same, carbonaceous 
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(n* ciilcurcoiKi iiuihTiiil is ho that tlic vuricly of iippoiiranctis 

N[)(‘riijimin froiri t)u‘ difTrront Gxy)osuj’cs of tho area is 

}jp’oa1». 

Vai'inl iojiH in (‘olonr, L(‘-\iiirn aiul htniotiiru aiv also fro(ju(‘iitly 
Th(‘ n,>ual (solours am aiirl l)TOwn. Gneissoso aiul 

w<'lii«toh(‘ siriK'l/un’H, 'willi slaty, spliidory or juassive cliaractor, aro 
Hint wiih. 

TIk', avrraifn specific p, cavity of lia7i(l-s])n(‘iHU‘]iH from difioroiit 
localities imis found to In* 2*785, thn nuixiiunni rnnordod l>oiiif» 
2-890. 

The luiiuinUs nt liavc ■nipiitioncd above. In addition 

to tljo inajoc or cssi'iifial luiiinrals, tlu'rc are also ihoBo ooourrinR 
in small ([iianllty, aw iiu/pudilo, ilmeuitc, sydione, apatite and toiir- 
iruiliu(‘. 

Tlio hi(i(ifc is )'('Uow-s:i*c(m sonerally, and broiwo or brown ocoa- 
sionally. Wlicn occuirin*' as cr) HtalloblastH its outline is roiiglily 
rectangular or mpian* (.‘!7/itJt2. ">H/:)7). Tlie (‘dgew at tlio ouds of tlie 
olcavago IraccH luvv<' fieipuMdly a frayed-ont a|ipearaiuio. It is 
jirono to cliloi'itiHufioiL, and itide<‘d in some (‘uses tliere in clear 
t‘vi<l<m(i<‘ that the p< inilnitc^ cr\sla11obl»sHt'H re]>re«(mt altered biotite. 
Tfiiti sections 29165 and 2fil69 are iiileivsting in tliat tlioy show 
extH'niely fine (ilitoniL giowllis jirojeeting from tlie biotite into tlio 
neighbouring (|uartyi. 'I’heHo growths l»eiug very thin and ooenrring 
eneUw'd in <|uart/, iiave not boon deluiitcly identiiieil, nmoe, in 
determining the birefringence and the extinetion angloH, tho iiiter- 
fereiKiO colour of the enclosing mineral jn’oves to be an obstaele; 
but there arc iudieatioim that Home of thorn at least aro amphiboles. 
This is ])i'ol)ably a synaniotie phenomenon. 

Tho biotite, porpliyroblasls arc Xitupientily studded with inclnsions 
around wldch pleoeliroie haloes have (lev(‘lo])ed (19975, 26088, 
20781, 20788, cfc.,). In somi* eases sphene tuin be definitely identified 
as the inelusiou giving rise to tliese radioaetivo baloes, Zircon may 
also bo present. 

'I'Jie yarmi is the red variety, apparently tho oonunon almandit-o, 
In thin soctions it is iiale jiink and UHually presents oxcellont crystal 
outlinos of dodecahedral seetiojis. vSomo however show irregular 
edges, whore, and in tho abnn<lant oraehs generally present, they 
have altered to limonitic material. Tho orystalloblaBts practically 
always show drawn out, tliiu, spinel le-liko inclasions of quartz, 
whioH may be taken as having been formed during motamorphiem, 
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GEOLOGY OE GANOrUE STATE, EASTIOUN SI’ATES. 


Tlio dirootion of elongation of tlioHO Hliould obviously r('])r('Hent. Ilio 
dirootion perpendicular Lo tlie ijreHsnro dovcdopcd (hiring dia.stvo- 
pliism, i.e., parallnl to tJio original plane.s of folial.ion. H. is gciu'rally 
observed that tlie inolusionw hi garrw'tH in tlio sanv> section have u 
more or lens similar orientation, thougli t.liis may bo (piitc (li(Ter(‘nti 
from tbo foliation planes found in the minerals of the groundnuisH, 
The garnetiferoTis solusts ai‘(^, as a rule, rioli in biotite and compara- 
tively poor in rausoovito. Besides the abov(i-montiou<Ml (luaH?! 
streaks, there are noedlo-Iiko black minerals, grains of iron ore ami 
flakes of chlorite, as iuclusions in tbo garnet. 

The chlorite poiphyrobloats have tho characters of 'immhito 
(20088, 20142, 20186, etc,). They show fine oh^av'sigo traces and 
distinct pleocliroiatn (from light yellowish green to darlc gr(‘(‘n). 
The mineral also occurs in tho groimdmass of the mica-Hohists spn- 
ringly. There are also gradations from mica-schists poor in ehloj'ito 
on tho one hand to ohlorite-schifita on the other. 

Tho mineral aomotimos shows very finii aciimlar iuclusIonH of 
magnetite or rutile, arranged parallel to ilinn* dir(‘otious at 121)'’ lo 
each other (20784). IHcochroio halo(‘H are also ^ipesent in many 
cases (19976, 20088, 20198, cio.), the irndusioiis around wliich tliese 
appear being similar in churiKJter to thoH(‘ found in biotite. 

SUmroUto^ is fairly abundant in certain (h'finiU^ jsoneH, «,(/., in the 
central part of the antiolinorium, around LasA and l’als<ira, to the 
north of it at Potob and its neighbourhood, in tho strip of schists to 
tho west and north-west of the granite boss of Ekma, alongsido the 
northern border of the conspicuous basic sill whiob. extends from 
Q-ailo to Kabga, and in a few other small occurronoes, Excollont 
oryatals have been obtained from a few places alongsido tho above 
mentioned basic siU, especially near Kichinda, Lodabasa, Jaraikcla 
and Chuham. These show both the X-shaped twins witli (232) as 
the twinning plane, and the jihis (-|-) shaped twins with (032) an tho 
twinning plane. Trillings have also been collected from near Boii- 
galbera (22“ 7' : 84:® 41') north of Eiohinda. The faces found in these 
crystals are m (110), c (001), b (010) and r (101). 

In thin sections they ^ow the characteristic plooohroism, They 
ate 'typically ‘ sieve ’-textured, owing lo largo numbers of drawn-out 
inoluflions of quartz, Biotite flakes are also sometimes found. The 
staurolite and garnet are praoticahy always closely associated, some- 
times the one being partially moulded around the other. 


1 M, S. K ri ah n an) The ooowrenoe and diatrlbution of Btatuolito In Qanfirptir Slate. 
Qwj/rt, /ottfft. €fwl. ^fw. 8 <». Ind., V, pp, 07-74, (1038). ^ 
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The occuneiKjos at Las6 and Potob are apparently not connected 
with igneoufi intrufeives, and are probably due to high compresbion 
and temperature developed in certain definite zones parallel to the 
schistosity. With regard to the strip of schists to the west and 
soiith-woftt of Ekma, it will be noticed that it is bounded on both 
sides by granitic rocks, which are obviously connected underneath 
it. The prrBonc(‘ of ginnito may thciefore have liad some effect on 
the formation of tlic mineral. Again, the zone bordering the Gailo- 
Itabga basic sill is on the side towards which the sill dips. The 
fonnation of the abundant and excellent crystals here may bo attri- 
buted to the mt'tamorphic (‘ffect of the sill on the schists just over- 
lying it. 

Tounnalinc is present in the mica-schists as small laths and 
needles, which are sometimos large enough to bo readily seen in hand- 
specimens. In polarised light it is generally light greenish grey to 
dark greenish grey or brown. Sometimes it is pinkish for light 
vibrating in one direction and dark greenish brown in another 
direction peij)en<iic‘ular to the first (20227). 

It is so frequently present that it may be regarded ns a common 
constituent. TIk'To is flonie ovidonoe that the granites and pegma- 
tites of the area have lieen resiioiihible for tlie introduction of tour- 
maline in the scliists in their neighbourhood. The granitic rocks 
themHclvesare rich in this mineral, and in several exposures of schists 
near the contact, an enrichment in tourmaline can ho clearly seen. 

Its wide distribution in para-sohials may indicate that — 

(1) the necessary boron content was present in the original 

sediment, or 

(2) the boron was introduced by granitic intrusives exposed 

in, or underlying, the area. 

The presence of boron in sedimentary rooks in appreciable quan- 
tities has been established hy the recent work of V. M. Goldschmidt 
and 0. Peters^, who found that the following average quantities arc 
present : — 

Por oeni. BiOj, 


Marino olay Budimenis 
Marino aocUnumtary iron ores 
Lake doposlis and bug oros 
Banxlto and Kaolin 
Ash ol snarino plants 
Coal ash 


0-1 

O-OB— O-OOd 
0‘001 and loss 

0- 001 and loss 

1 - O -— ^*06 
1 - 0 — 0-1 


^ y, M. Goldschmidt and C. PoioTS, Zvx Gooebemie dcs Bois., Ngxihr* Qee. Ww. G^ti^ 
ingen, pp. 408-407, 528-646, (1032). 
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OEOLOOY OF GANG PITH STATE, WASTE UN STATES. 


TJuy havo OAtiininod ll»(‘ vissuK.s oliljiitn^d for a minilx'r (»f 

niulorials «n<l coiif-liKic iluil. i^ru-oim ro( Km and tlinir 

procliK'i.s fonhiiii vciy aiuidl t|njnditi(‘rt (O-dOr) 

Source of boron. . , r ‘ \ i .1 j i i . • 

per <nd. or hhm of 15 j On) Imt iliali TliMntKJ 

KodimontH, ospocially tin* older onea, averafio id)Owl- (M p(’i* eenl-. 

Tin's hijrh eoident is aOriliulcd by Oiem to tlie jea \^ateI• in wliieli 

Dioiilafait found aboiil. fini. of boron per cnibie nieln'. Tliis may 

have been deiivcd from the ori^»iiml idniospliere or from vob'anio 

emanations. The l{irp:e amount of Hoa-waler ineluded in t1u‘ sedi- 

monts durinpt disposition can evidently aeeoinit. for tlii' horon eontent. 

Tims the arf^illaeeoiis marine seiliinents coiitnin (‘noiip;h boric 

oxide to form an appreciable quantil.y of thiy crysItilH of toimnaliiie 

on metamorphism. It is therefore clear that in most; (‘aseH the 

tourmaline hi the mica-sehistH is deriverl from tlie orif,unal boron 

content o{ the sedimentH. Local euriehment by eontriluitiori from 

the neighbouring granite miusseH Ii.i.s also demoni.trably taken place. 

ApadU'. is a wpaiwdy distributed jieeeHS(u-y (iiOlbS, 2dK;5d, 

etc.), Its proseTUie was noted in neveral easeH, but it is more ubun- 

dnnt in some of the felspiithie sehists ‘wliieli bear evitlcTiee of the 

iiinuenec of granite. 


The mica -.sehists and phyllifes grmie into felspalhns seliist.s and 
gneisses, injection -gneisses and hybrids <lepending on th<*ir proximity 
to, and iutpraction with, the granite. A few of the garn(‘tiferouB 
rocks are described below. 


Qarnetilerous gneissef^ and schists. 


Near Buchkupara (22° 8' : 84° 35') and north of Chuliam, occurs 
a zone of garnetiferous gneiss, a fairly largo leutioulnr mass of which 

Oan>.Ut«.n.gi.lH. HpM- Ujiclra tho 

mioroacope (22141) it sliows <)uartz, biolite, 
garnet and staurolite. The biotito is light yellow to darlc greenish 
brown in colour. Glarnet and staurolite are diablastic and contain 


inolusiona of q^uartz. Small flakes of biotite, needles of tourmaline 
and grains of magnetite are present. Bundles of sillimanito fibres 
ate found in the biotite, and they often go through more fhan one 
individual crystal of hiotite uninterruptedly. Some bundles aio bent 
around the gamet pOTphyroblasts. 

^ Another, a gneissic rock (44/208 : 22145), was collected near 
Bihahali (22*^ 6^ : 84° 2^^). It is similar in pfiueral composition tQ 
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the rock dosciibed above, and is penetrated by stringers o( vein 
quart z A little felspai and apatite aic also present. 

The highly sdnstose, somewhat carbonaceous, rocks (20036 and 
2003G) fjom tlie zone ]ust south of "Raiboga, show gainet, biotite and 
stauiolito por|)hyi oblasts in a fine-giained phyllitic gronndmass. 
Some of the poiphyi oblasts arc diablastic. The stanrolito contains 
dusty ctiibonaceous inclufeions. The ground-fabric shows quartz, 
biotite, chloiite and tiny laths of toinnulinc. 


A band of garnet if eroiis schists passes through Potob and Hatu- 
gaia in "Ranchi near the Gnngpur bolder. Ccitain hands here con' 
tain stauiolitc. A specimen from this oocunence (37/986 : 19942) 
shows quartz, gainet, biotite and staurolite. The staurolites in the 
thin section arc highly diablastic and show inclusions of quartz and, 
in one case, of garnet. The porphyroblasts frequently have iriegular 
edges, paiticiilarly when gainet and staurolite adjoin. The quartz 
inclusions in some of the staui elite porphyi oblasts tend to bo ar- 
ranged parallel to some of the faces of the latter. 

A spceimeii collected from the railway cutting NN.E. of Thcrali- 
bahal (38/39 • 19970) is n light gieenish mica-schist, showing knots 
of black biolite ciystah. Under the microscope, the groundmoss is 
seen to consist of museovitr* and quaitz with a little magnetite, 
chloritic maicritil, touimalinc, staurolite, biotite and penninitc, the 
first two especially being full of melusioiis. All the eiystallohlasts 
lie al an angle to the schistosily. 

An almost universal character of tlio gnmetifeious schists exa- 
mined is the evidence in tlum of the rotation of the porphyroblasts 


This npjdies not only to gainet, bnt also to 
°* *****^***'^*^** biotite, penninite and staurolite. Garnet and 
biotite being more abundant than the latter 
two minerals, have veiy frequently been observed to show this 
character. Tire cleavage directions of biotite and the elongation of 
the inolusiona in garnet, which usually oie coincident among them- 
selves, show to a larg(‘ extent the oiigmal direction of ‘ He ’ of these 
mineralH. But this original direction always shows a marked devia- 
tion from th<‘ direction of schistoflity of tlie gronndmass in the slices. 

The latter indicates the direction of the final 
sflgn cance. compression. The angles between these are 
usually around 30® but cases have been observed where they range up 
to 90®, It is possible that the porphyroblasts ihemaqjves have been 
rotated to a greater or less extent by the final compression, but it is 
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Hote'vvortliy Unili (1»(‘ final wliic’li on tocIyi^ Inivt* 

nol boon alfio lo ln'in£^ ilic poi pliyroblnHiK inln linn ^\i^h I ho nnn'h 
fiofior, uHuaJly niiciicooiiH, oonhliiiionb-. of llio o)oniuhn:Ks.s. In- 
Rtrt'ttd, ilio groundniiiHs Inns f|ou(‘il niomnl niid inonldod ilst-lf on llu* 
island popidiyrohlasis. It shonhl bo po ,.sil)l(‘ to dclonnino tfio 
direciioiiL ol tlio i>rovioiiM HtmhOM by vory rarofnl hIihUoh of Hold find 
raicroHoopo RcctioTiH whoso orioid.dions ui’<' mdod on ilu' npoi and 
corrclaiod. 1 wan not abb* to uinlorlnko lliin sindy, owing fo tlio 
limited time at my disposal. 

tn connootioa with the porphyrohlastH it lias bium uo 1 i 0 (‘d thntlhere 
ia definite ovideneo of the, final folding movenionlrt having produoed 
oondiLioiiR favoiirabh* for regv(\ssivo niidamor- 
pbiain. Several of the roolfH coidainitig Iho 
garnet would at first siglit be oalled pliyJlites. 
Tlio pbyllitio stage, however, was sui)i‘rpoHed on rocks which had 
previously been subjected to ‘ mcao ’ or ovim ‘ hypo ’ (kita) gratlc of 
metainorphism. Tli(» lower leinpenituros and high stresses eluirne.- 
toristio of the opi-grade produced minerals which are in kiM'jnng wilh 
the oonditioiia of ecjnilibrium then present. In thin seetiotis lfil)7f), 
19978, etc.y tlio garnet shows alleration, along llu‘ edgi’s, In ehlorilo, 
in addition, to the limonitisai ion wliinh is almost always pri'sent. 
Tho biotito porpliyroblusls liavi* Hoinetirn<‘S Iksmi aHercd to chlorite. 
In tho gronnflmasH itself, elilorilo is fretpiimtly present and stniin- 
alip cleavages have developed. These evidences slu*w thal. tliero hus 
been some efTort at reoonstiiutioii of tho material, hut tin* r<‘Histant 
minerals have to a largo extent withstood tho cficct of tho new oondb 
tions and have survived as relics of tho moro iiitonso conditions 
under which they wore ‘ originally formed. Those rooks have thoro- 
foie acKpiirod the Btiuotuies and pcculiaritios coDsequont on * phyllo-* 
nitization ’*■ and have thus bccomo what have been called ‘ diaph- 
thorxtes ' by S', Becke^. 


Chemical Composition. 

Three analyses of rooks described under tho above group are 
given in the next table. The rooks selected are a schistose biotito- 
gneiss, a biotite-sohist and a musoovite-sohist respectively. 

^ B. B. Knopf, Z^. cit. 

■ y. Beafee^TTbe® Dfephtliorite. Mi%, Pttr. Jfttt., XXVHI, pp. 369-37S, (1909). 
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Table ihmhjftes of micn-nchif^fa. 
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J. Bloi II ('-mii'lHH (40/4(1) „ - . . 

Rn'pn pl(M(>hiDl'- BUitlln, r HUh' mnwovllfl, Roiwr miialx, oi11n>rliit«s ? (lUnnrluM) ; Home Jliio IcallrliB of 
fjunrlx In tlio follRllon pliuu'H. AnalyHlr- K, Htvo\ilt. ^ 

k. Wotlti^M'hlHt (H7/H01) ipim nn i‘xpnmiip noitb-ciiHl of KurlubPia (ill® 22' 30' : fift" 7), T<lRlit 
erpcnbiU ijrpy pIiyJU1.l(‘ rook wllli nini'li Idolltp and auiulz, Bnlwidlnutp niusto^Uf, plusrtot I uhi' and a hltli* 
Iron on-, AuuyAt-~l’. 0. Boy, 

a. Crlnkfod miWPOVflKSldilBt (44/J7a) from tlio liHJ lw» niUra noilli-puat of l*nn(?di]i (22“ O'; HI" 42') 
Uontalns liasidi^B lauHuo^to uid niwrlz, ft llttlp llmpnllo, Inicoxpup nnd lounnaUno. Aiiftlyst— P, 0. 
Ktjy. 


Of the tlueo unalyscs, tlio fiint two, which represput biotitio 
looks, arc oomparablo. Tlic first is poorer in linic and riohor in alknlics 
and potash when compared to l-he second. The diJIorenoes in the 
relative proportions of the molecules in the rocks arc brought out in 
the Niggli values shown by the side of the analyses. 


Chlorite-schists. 

Although the niioa-Bchists and phyUites contain small amounts 
of chlorite and sometimes oven moderate (Quantities, chlorite schists 
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wilh oliloTiio aH ih<‘ doiwinani inin<‘Tul iiro <lirttiu<-ily rar(‘. 
A f(‘W rasoh ohsovvt^d \vlu‘i<‘ r-liUu ilc-M f<niii smnll 1 ('H,s('h 

iiinidst ilif* Tiioro (‘oiiiinoii mic«» M’InsIs, loi* cx.iniplc lu'.'ii" Htimpur 
and Bnkcdcf^ti fuht ol Kuniuitmindn, nonr Timumni, in lln‘ nondT.ii 
bill nrar liihrn, iw'tvr Jliarbrni and n fow oIIht pIikm'H. 

^ 'blotUo-lx'nrinf^ mifa-srliistH Inivt* Ikm'u noticed ,il iiuniy pln(‘(‘H, 
ilicHc oonwHi-inff mainly o[ (puutK and l)iotit(‘ with .-.ulun'dinatc 
cliloiite, Tlu' Itmt Is in sonic incaHiirc di'rivcd fniin liiotiti', Imi in 
some ca»scs it may la» oriffinal, and imlcpi'iidmit, o[ biotilc. 

Tho chlorite-schiaiH consist mHinly of cliloriti* (pcnuiiiitc or less 
{requently clmochlore). ^^ome arc cldonti'-cpiavt/, schist a (ItMXi'i) 
wMcli may contain a little loumialinc. Fintn near HiiT\e(](*jr>ji was 
collected a rode wliicli contains only lifj?ljt chlorite and nn^nie- 

tite. Otliers contain ilmcnit/C and Hplu‘n(‘ as accessory iniiuTals. 

TKoir occurrence in small isolated lenses in the anticlinoriinti, 
and mucli more frequently- ns eld()riti<‘'itiica-s('liists in the Iron or<* 
series, suggests that they were prohahly pat (dies protc(‘t(*(l ngainst 
higher metamorphic conditJons. vSoine of them however seem lo 
indicate that they were oidgiimlly mien sehists Hnhjcctixl to (qd-grtule 
conditions with the ('(mconiitant partinl conviTsion of )iioli(t(' to 
chlorite. 

QUARTZITE, Ql/ARTZ-SCHIST AND OTHER ROCKS. 

The (piartsites, which oeeiir as distinct hands in this urea, include 
both the granular and massive varieties as well as thost* in which a 
distinct achistoaity has hoen dev(iloped by shearing, Tim latdcT arc 
here called quartz-schistH and they include roelrs in which varying, 
but usually small, quantities of nneaceouB minerals are present, wliicli 
tend to emphasize tho foliation. These sometimes grade into wind 
may be termed bif^ly quartzoso mica-BChists, 


Quartzites. 

Some of tho quartzites form imperslstent and thin bods amidst 
the schists. Others arc well-mnrhed and may persist for a length 
of several miles. One such will be noticed on the map forming a 
thin ribbon five to six miles iiorih of tho railway track between 
Rajgangpur and 'Rourkela. Several smaller ones will be found iq 
other pari» o£ the area. 
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Jti ihi* Ijifi’ipai'a-H li ro}»iou mh \V(‘ll in Uio HouUi-oustom 

<’MTnor in tin* Bonai Sbnto, occur ,scv(‘ral ol quart/itea wliicli 

J^iadc into (piartz-scliinlH -ind occasionally inl,o crnal\-C‘onf»lom<TatcH. 

I Itc (piart./,i(('s aic pun* wldi<‘, biilT, ))io\\n or Iduiali ^rcy 

in colour, Tlic hluiali }^r(‘y and Iniiy colon ra iiro p(‘rliaj)H tl\c moat 
Colour. ootnuKUi. Tlic brown aluulca arc due io the 

dcconif)osi(iou of tlic iron-l)(‘aiiuf^ niincrula in 
ibcju, file iron bcin^? diaper, sr'd bv .siirfaci* wah'ra, coaiiiii’ Ibc ^raiu.s 
iiiid formiiif' iilius in (Ik* cnicka and crevicca. dMic bluish niul ifreyisli 
iiiiU aro due (,0 miuiilc, daib, dual like iricbisionH in the coiiipoucnk 
grains. 

fn texture t.lu'y are generally Cine grained and ec|iugramilar, 
tliougli a good deal of variation in gr.iiii size is Io be noti'd in the 
clifT(‘r<‘iit oc<surrcuc(‘,s, 

boino an* so fine-gr<iined that the individual grains can be resolved 
only under Ibe inieroseope, A very fine-graiinal biilT variety, which 
Tcxlmc. bri'aks into Ihiii angular splinters aiul peneil- 

like fragiiuMits, was ohstM‘V(*d near the south- 
eastern foot of tlio ('liulia pahar 17' : 84 ’ bT). A few small 

oeeiirrene(*H of dark lydiati atone have also h(*en noted. 

The (juiirtziles are mainly eoinpoised of (juartz. Very small (pian- 
titles of other niiiieials occur. Of tticsc, iniLscovite and liiotiie arc 
Pctroluffy. eomnioii. As rctnarlosl uliove, the bluish 

(juarl./dt(‘N contain dusty inclusion, s of inagiie- 
t.it<* (prohal)Iy carbonaceous matter in some), A hull <piartzit(‘ from 
tlio Boutliern hank o( the Haiikh river luair Hilaigar contains soino 
orthoclase and microcliiie whik* another oocurronci^ near Biringatoli 
(22° 24' ; 84" 29') is similarly felspathic. Wxcellent small crystals of 
raagnetik* an* seen in a spi'oimeu (20147) coUeoted from near Kuar- 
mal. "Fine sillimanite nced'lcs are found in tlu* quartzites near 
Pandrisila and near Jtahcliua. Mpi<lof,i‘ grains liave hecii seen hi 
one. A brownish riuartzito from near Tapsatoli (22" lb' ; 84" 24') 
shows fine dendritic growths of limoniti' in the thin section (20201). 
There are soino cpairtziti's wliieh an* t.vansitional to dolomite and 
limcBtono. These evithmtly represont silioeous buntts deposited in 
association with the marbles. There are among thorn quartzites 
with only a fow crystals of rhomholiedral oiirhonates while others 
contain the latter in larger amounte (37/927, 37/942, eto.). Ooour- 
reu<^ of such rocks are found near Sam Bamna, Hathiban, Puma- 
pani and other places. 
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QuartZ'Schists. 

[u tlicftc Tocka quartz ia live dominant minoral, hut it ia prarii- 
(wlly alwuya asHodah'd with a snitill (|imn(ity of mica. There are 
alao caHCH in wliioli clilorit(‘, kyanitc, sillimanilo, fdapara and iron- 
orea arc found, Tli<‘y differ frcmi the (jiiartzitcs only in their allowing 
a acliistoae Rtmeture, with couHoqueui tendency to hnsik into alaba. 
Evidences of shear am to he found in the .slirkeuaidca and foliation 
joints, which axo usually marked hy a thin (ilni of sericite or musco- 
vite. They grade into grits and conglomerates when, the <‘onHtitueut 
grains are of various sizes. There are some in which pidddes of 
jasper, and opaline or chalcedonio, translucent ((uartz have be(‘u 
noticed. 

Those include also a few lourmalme-hoaring varieties. Such arc 
found near Eaiohhapal and Ilatliihandha (22“ 20^:81“ 20'), and in 
the mosses occurring in Bonai. Megaseopk'ally tin' l.onriualiuc ap- 
pears very much alike, but under the niioroseopi', different absorptiou 
colours arc noted in differimt ocouireiu'es : 

(Jolourless to greenish grey (20091, 20204). 

Bluish grey to dark inky blue (20lb8). 

Colourless to greenish brown (20111, 2021(»)» 

(Colourless to light orange (20110, 20112). 

The colours obviously dej)end on the composition ot the tourmaline, 
and especially the porccutage of iron prosent. 

Hornfels, 

Rocks which arc best colled homfelsos, because of their com- 
pact, fine-grained, qunrtzoao nature, occur in several places, botli in 
the anticlinorium and in the Iron-oro series to the south, but the 
exposures are always small and lenticular, rarely if ever exceeding a 
few hundred square feet in area. The following short descriptions 
of the rooks from the more important exposures will give an idea as 
to their nature. The homfelses are distinctly denser than the mloa- 
sohists, their specifio gravity ranging between 2*84. and 3*25, the 
average for six specimens being 3*0B. 

The rocks are light grey or greenish grey in colour, the gamots 
present imparting a mottled appearance. Quartz is the most abun- 
dant mineral in A pale pink, markedly diablastio, garnet is pre- 
sent in practically all, in varying amounts. A diopsidic pyroxene, a 
green, usually strongly pleochroie amphibole, cpidoto imd olinozoisite 
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fii'o ,'iLso coiiimoii. iSiiuillt'f’ qiiiuitiliios of magnotitc, splienO; toiunaa- 
lino iviul foJspar tU'o oooasionuHy found. 

A rocdv oi)ll(Mdi(‘fl from n(‘ju' Djdiijom (22° 15' 30" : 81° 27') con- 
fititiN liiu* flakt'H of Jui( iiccotiH iiuduHiouH in quartz, in addition to 
gartu'1 and a Iilitk' louiiualiiu* aiid laagiudito. Anotlior from tho HU 
oaisl of Klioria (22’ 8' .'HI" If/ 30") .sliowa noodle-lilco olustorB of 
ajupliiliolii ifi addilioii io (|uaT(z and [lyruximo, and a little mieroclino 
and piagiocla'io. A little rlioiuboliediul (*,arbomito and tourmaline 
wore f<»uiid in a Npeeimeii fioju near Mauiilianumi. (22" 12' ; 8d° J7'). 

About liall a mile io tlie uoitli-went of Banboba (22" 2G' 30" : 81° 
do') on tlio ({anqpur-liaiiclii boundary in an exposure, 200 foot long 
and 5 io 10 feet \vi(l(n Thin (KudaiiiH <[uaTtz, ampLibolo and gainet. 
S(nuo (■litLo-zit»Hit() aiul rare (laken of biotito were also obBorvod. 

Just Houtli of tJi<» raiUvaj’^ eutiing, three furlongB west of Bisrapata 
(22° 21': 8d° 10'), is e Hiiuill knoll oonqiosed of similar rock occupying 
an area (10 feet hy 20 fiu't. It i‘ 0 UHiKlH of ipim-tz. Haded eiyBtallo- 
blastfi of aetiiudilie aiupliihok*, and ]unk ganiots with frayod-out 
edges. I’he latiier tw«i iniiuM-als ar(‘ diubluhtio with inoluBionB of 
(tnurtz. A little ma‘. 5 ii('tile and rare pla/porJaso also occur. 

About a mile to tin' west of (hipiir (22° 22' : Hd° 35') ou the north- 
ern bank <»r the (imall sireibrn, is a small lens of bornfols, consisting 
of line' grained (pmiiz, in whieh ai'- fomul porphyroblastic horn- 
blende aiul ganiel. 'I’lm Iiondileudo fhows several plooehroio haloes. 
A little hdspar is idti.e.rve.d in the grmindnuiss. 

Iji the aiea s«)nth ol Kalmiga, and particularly aroiiinl Patua 
(22" r:H'r l(i') and Kluiiiband (22° 0':H4" 49'), thwo are several 
snudl lensi'H of similar rooks. 'I’ijey show ])jnlc garnets and pale 
gi'<ion actnuditio anqdiihohis, both usually diablastic, and a line- 
gi'aiued groundrnass of abuiulaut cjuailz and some felspar, most of 
tlio latter being plagiotiJasis Olinozoisito or vory pale green opidoto 
is geJioralTy present, as also lr(>j).-oro in small sporadic grains. 

MaeJureix^ has ol^sorvod a similar roelc exposed near Muiidaijodi 
(Mundajor), south-east of llourkola, wlioio — 

‘ ocruirf a rm*k of slrikiiigly JioUjcrystKlHjie apijoai'iince, but which on mioroHcopical 
esanuDation prayw to 1«) ol s<*«lltn«*iitary oiigin. Jt is madu up of larijo orystals 
ol a palo'gieoti anipliilKjle au<l of pink gariiot, both onolosod in a matrix of granular 
qujutz. Acuonaory nihieralH, as siiliinanitc and opidoto, axo also prosont..,..,** 
Aooording to Mr, Smith, who found it in nUn, it there forma a tlun band ol 8 inohes, 

^ Maoiaron, liec, Oecl* JHurv. Iiul., X X Kt, p. 7b (1004), 
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in ilio argillitMtH of thu DKai'waLiaTV Korim, and lyini^ Itaralltd I lion piano ol 
foliation ’ 

H win bo Boon from l.lio ttliovo iloHiTipIfiotw ilmi- all Ibo oocm-nmron 
aro garuot- and timjiliibolo'boariug, soiuo rouiaiuiug iliojiniilio jiyro- 
xono aLso. Thoir origin i,s railior ob»miro. Nouo of Ibo rasow a])|H'arrt 
to havo any oouuooUon with ignoouH I'outaotrt. Trobahly thoy 
ropreaent liiglily loualwod j)at(di«H of gritty caloaroiniH itvica noUiatri 
subjeotod to moro iutoiiHu (iomlltiouH of inotivmovpliiHm tlmn tUo Hur- 
rounding aioau. Tlio prowonoo of jiyroxouo indu‘at.oB alatio prowHuro 
or tbermal conditionn, for, with diroctod pvrHMuro, it Ih <‘oiivrrto<l 
into ampliibole. in rogional luotamorphiHiu involving oxtouHivo 
aroas, Bnoh looaliHod bovoco oomUtiotiH, whiok (hmoto tlu^ iUtvolop 
mont of high toinperaturo duo to intonho <iriiHhing> ai’o noHrtiblc^ 
pointed out by liarker,^ who oiten examplon of hiotitci-Iiorahdrt and 
garnetiferoua honiCola fortiwd looally along tliriiHt*/.on.(>B in tlio 
Belgian Ardonno, and addH : 

‘ Doubtloflfl, at tliOHO loealitioH ilio olTorlivo vrimliing, wiOi llm grtirrution ol 
boat, watt in tho sUarply foltlod, liawl, gritty hum I h, wUilo llio iMOHpirumw oITh'I » 
of matanfUirjiUuun aro hUowu liy tli« assoolalod agrilliu’i'inH hud<. .Ahout 

Librainoul, whom thu niuLainurpliisin oUaint ils itiivviuiiuiii llitwor/o it* po im ilnvo* 
lopod, not only iu noduloH hut in contliuuiuH btUKh, wilh hioliU*, gainol anil born 
blonde 08 obaraatorititiu ininuralH \ 

Calc-gnciss. 

A peculiar gnoittsio rook occurs in tho Tonikiapaliar (22° 11'; 
84 60 ) and in the road-oulting neat Eathibandha, a few inilea to 
the south of Fanposh railway station. It is pale gcoonluh grey in 
colour and medium to ooarse-grained, froc^uently being banded 
owing to the segregation of the dark constituents in streaky fasliion, 
The specimens collected from the exposuros (19999 to 20002) show 
quartz, perthitio orthoolase, mioroohne, and much aetdnoUto witli 
pale greenish colour and weak pleoohroism (Plate U, fig. 4). Several 
of the^ amphiboles form good lath-shaped bdividuals giving an 
ertinotion ^lo of 17°-18° from the prismatic cleavage and are 
often patchily coloured, perhaps due to irregular distribution of tho 
iron content. Some are colourless and may ba nearly pure tremolite. 
Feathery radiating amphiboles are also seen. The presence of appie- 
cmble quaulutios of zoisite or olino-aoisito is an interesting feature, 

» A. Hatlwr.MtttMaoiitoari, pp. B3fi.83S, especially p. 884, Loodoa, (1982), 
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A Uimibcr of diriy-loolcbiif Rriibifi of aplioue anil low of wliat S('om to 
b»+ a diophiflic, pyrovouo aro also to Lo found. 

VciiiH of ^raniliO, poj'iiwtitc and aplito aro common in this area. 
It HooiuH piol)al)l(» that the oceurronoeB repioHcnt tlio pioductH of 
aHHiinilatioii of aoiiui calcan'ouH Hodiinontu by {rranito. Homo of the 
('\})oauroH hIiow tli<i j)i'iioti'ation by latop pegmatite and quartz veins. 
Kvom Iho Tniiioral uHHociationH, they iiuvy ])o called calo-gnoinHeB. 

A Bonunvhat Himilar rock ocicuM in an oxpoHiiro of IhueMtono clorto 
to a granite contact, ni'ar tlio juucthm of tlio lb and tlio Saj)ai, noitli 
of liliaHum. The rook (11/050 ; 20774) consists of aotiiiolite, diop- 
side, (jiiartz uiul felspar (Date 14, fig. I), 

Thesi’ rocks may be oom])apod with certain Canadian occiipponcos 
described by Adams and Barlow^. In India smiilar rooks occur in 
Hajjiutanu, Ceid.ral Proviu(‘os and the Madras Jh’osidoncy. Mr. 
0. B. Middlomiss'** lias given a full account of the calc-gnoisses and 
ani])hibulites from tlio Idar Htato iu llajputana and discussed tlioir 
origin. He has also referred to tho A\ork of Sii’ L. L. Ifermor and 
II, (J. Burton^ in the Centii'al 1‘rovinces and thoir views on tho origin 
of the calc-j-ooks occAirring therein. TJiough, in the present instance, 
cahiite, jiyroxene and some of tho (‘idc-silioato minerals are lacking, 
and the rocks are of very restricted distribution, tho assemblage of 
mini^rals and association with granitic iiuitocial ai’o sulfioiently charac- 
teristic to enable us to consider these roclcs as hybrid in origin. The 
authorii.ies c.itod above may bo consnltod lor full discussions of this 
question. 


Quartz-^lourmalincosch ist. 

OoouTTonoes of highly seliistoso rooks oomposed mainly of quartz 
and toucmalbio have been observed in a few places. Of those tho 
most oonspiouons are found at tho western end of tho epidiorite 
mass of Burhaparbat (22® 27' : 84® D'), near LaH6 in tho centro of the 
anticlinorium and near Oailtanpali. They oxliibit marked sohisto- 
sity and banding and ocour amidst tho mioa-schists and gonorally 
contain a high proportion of iotirmalino. In scvoxal oases they ore 
closely connected with vein quartz. 

^ J>. AdAma and A, E. Barlow, Geology of the Holiborton and Bonorofb eoreas. 

Dej 

pp. 


it. ofMinet^ Ocmada, Mem. XTo. 6, pp. 103*12(}, 104 et aeq„ (1010). 

* 0. S. Mld^endss, The geology of idor State. Mem. Cteoi, 3vrv. Ind„ XblV, Ft. 1, 
10-22, 42-48, (1021), 

• Beo. Qedt. 8im, Znd.^ XLT, pp. 100402, (1816). 
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Tho abundanco oJ" tourmalino in tlu‘in ili(' iidliu‘in'<‘ 

granito in ilicir foTinatioii. ft Ih likdy tlial. mim'rali.sing holniioii.s 
from gi’anite wcro ccHpoiiKiblo for oonvcriitig ill** lori<ni)Lai\iu*.iiati 
constituents of the mica-acluKtH into iournuiliuo. Voiu i|iiaitz may 
have aceompaniod tlio HolutioriHj and under tlie hiUneiico of Htr<*hHi*w 
a marked schistOHity lias boon aoquin’d, TIkj r<‘hi(Iual solufioius 
from tho granito wore rmh hi tourmaline, as evideiH-cd by llio abuii- 
dauco of that mineral in tlie poginatitoH and v(Mn ({uaitz found over 
the whole region. But only in certain areiijj Juiv<‘ l-hi* stjlulioJiH biMoi 
rich enough in boron to form those (piart/j--(.oiu‘imiline rooks in abuu- 
danuo. 


THE RAQHUNATHPAU CRUSH -CONdLOMIiRATU. 

Lying over the Gangpni- Hones is a zone of ctunIi (tonglonu'rate 
which forms a oouspieuous feature a!<mg the soiitlmrri border of tlio 
anticlinorium. At tho eastern end, two rather did ached ocmirreueas 
are seen, near Kolpotka and Sirka (tiii" 214' ; Hb" 1 ' 140"). From 
Jaraikela, however, it can be followed idmuHt an an uuinterrupteil 
ridge up to Flingan (22^ 7' 140" ; Hd" 18') and (hen a(. inlervulM up (o 
Amasranga (22® J':8d® Jl'). It is a zone conforjiiing in strike to 
tho other mombors of tho Gangpuc sories, iiaviii}!; an l'h-\V, trend 
in the middle, and a'N.W.-H.W. trend at either end. At tlie eunl-eru 
end of tho Mahabir pahar (22° 8' : 84.° 20') it oxecutes a sljarp lionble 
bend, which is also reiieoLod in tho adjoining mica-aohisls and nuirblos 
near Purkapali. 

The dip of this zone is gonorally very stoop towards tlio south, 
and frequently vertdoal. Tho conglomerate portion is gonorally on 
the south, being underlain by finely banded phyllito, and intorcalatod 
with fine-grained to gritty quartzites. 

To the north of the antiolinorium this liorizon loses its identity 
and is largely represented by gritty phyllites witli occasional develop- 
ment of quartzite. A thin quartzite band can be seen oactondiug 
from Amko (22° 26' ; 84° 37') to Eengarbira (22° 26' : 84° 42'). 
Thrcther east the highly quartzoae sohists form a tango of small 
hills passing through Baiaibera (22° 26' : 84° 48') and Potob, at 
which latter place a distinct quartzite ridge is seen. It is not 
poaable to idenfdfy this zone still further east. 

. To the west of Amko again, the compression has been so intense 
that the OVOT-Iying Iron-ore series has been aooommodated within 
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a HiruvU iliicknoss. TLo granit;« bailjoUtli has roplacod much ol the 
Troii'Orc HorioH to tho west, hut this 2 : 0 m) may probably be prosent 
{or some (liHtrtucc parallel to tlio marffin of fho batholith. 

Ju tho wostoru area around Ijifripara, t-be (lang])ur Horiea does 
not show its oliaraotorUtit! diviHums, hut from tho ooourronoe o{ a 
marble /ono it is iiiforrod that tins Borli‘H is comprised in the area 
Ixitwoon tlin two woll-markod ranjics of mioacoous quartz-schists 
situatfld equidistant from LiCripara to the north and south. 

CJnishiuf' arul sluMirini' arc evident in the lta'<hunathpali zone 
particularly in tlio j)orti()ii between Kol])otkji and Amasranga. 
Crush-zones are also (ividont-, in somewhat less decree, in bho Lihi- 
para area and in tho Amko band. In an area so Jiighly folded and 
in wliicJi the harder hands generally h1u>w oflecds of intense shear, 
it is almost impossihle to find evidoiuios of thrnstu^g, Moroovoi 
tho preseiute of mica sCrliisl/S as the ])rovalent fornuitions in tho whole 
Buo(!OHsion and tho ahsonoo (»f rooks with distanguishing ciiavaeters 
in tlio area of the Iron-ore sorios adjoining tlie Cangpur antiolino- 
riuin are factors wlueli ohsotiro such ovidouco as may ho prosent. 

As reumrked iti the eliapk'r on tlu» striuitiiro, tho asstini,hlage 
of rooks in tho autiolinorium is not repoatod outsido it, either in tho 
north or wmtli. This seems t,o ho a sudieient indication tliat tlio 
Ilaghunathpali stago marks off tho (langjjiir sories and separates it 
from tlio Iron-onj series. A thrust jnovomeiit along tho zone may 
thoroforo ho assiimed, tlioiigh not dollnitoly domonstrahlo. 

A general doseription of 1-he e.niHh-oonglotuei'atoH of tho Kaghuuath- 
j)ali stage Ims boon roeontly given by tho i'>roBont writor.i The eon- 
gIomerftt(5 oconrs as a luind intercalated with quartz-sohists. It 
varies in thiokness from plaoe to place but soarcoly over oxeoods 
100 foot, and fro(iuonb]y grades into grits when followed along tho 
strike. The pebbles are thin and lenticular with elliptioal sections, 
flattened along tho plane of foliation. They consist mainly of quart- 
zite and mioacoous quartzite and to a smaller extent, biotito-quartz 
soirist. In a few cases, granite (near KoJf>otka) and tourmaline- 
quartz rook (Mohabir pahar) have booji recognised amidst them. 
The pebbles are well ronmled and show films of raioa on their flat 
faoes with Bliokensides, Tho groundmass is sohistoso, ooutaining 
muoh mioa and finely granulated and erushod quartz. Some oases 
have come under observation in which there is little differeuoe 

1 M. S. Krkh&An, Ou somo oi:tiBh-ooiwloinor«.ioa of Dharwar age from Chota l^agpur 
and Jabbulpore. .See, OioU Burv, Ind,, jLXVU, pp, 466-462, (19M). 
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between the inatorial of tlio ^routuhnaHfi and that of .soiuo |m»1)1)1os. 
The prosonco of }»ran,itc anti tountuilino-(jiiart;5 rook in tho pobblcH 
shows their dorivation. from hoiuo pro cxiHliiip: i^rauitcj luasH, wliilo 
the identity of mat<‘rial in some oanoH botwiMUi the 
pebbles shown their aiitoclaHtic naturo. li’roiu tlu*Ho <’hara(d.orh 
it is concluded that those crush coiij;^lonu‘rat>(J8 r<ii>ro.s(Mit a bn<l of 
orijj^inal sedimentary ooii^lomeTato, whic.h by Hhoarin*; fjaw locally 
acquired an auloclaHtio cliaracter. h’or further dciailw and diHcus- 
sion, the paper above referred to may be conMult< 5 d. 



CTTAPTER X.— THE TROX-OKE SERIES. 

IRON-ORE SERIES. 

The Iion-oro Horics iiicludos all the looks oxpoaed in the region 
surTOundirig llio fliiticlinorium. Ft tliuR compriaes the forma- 
tions In 1he Birip of country Btreaked with opuliorito Bills in the 
nor(ih-eaHt; iironud Anundpur nnd Manoharpur in the eaflt; in 
Oangpur Hoiith of tin* crnhh-conglonK'rate zoms and in Bonai and 
Bamra ; to the north of the (piartzite hill paHaing hy Satapgarh 
and Ujalpur in the north-wefit, anil also the achist-bclt between 
Talsara and Bandega, 

By far tlie moat abundant rook-t3rpe in this siirioa is phyllitc or 
mica-Bchiat, intercalated with which there are quartzites, quortz- 
scliiBls, carbonaceous phyllitcs and iiumerouH opidiorite sills. On 
the north, this scries Iiob been i)onetraicd by granite which has 
aHHhnilat<*d much of it. A few small lenses, presumably of an older 
granite, are present in tluj neighbourhood of Jara. A tiny patch 
of granite, which is the edge of a largo mass in Bonai State, poops 
in at tli(' south-oastorumoHt corner. Lastly there are two small 
bands of a peculiar, sheared, ohloritio oonglomorato, also in the 
aouth-oafit corner. 

The |')ctr«grai)hie chaise tors of the mioa-soliists, carbon-phyl- 
litcs and ([uartziU'S arc so similar to tlioso of the Gangpur setios 
that it ifl scjareely necessary to repeat them here. It will he auffioient 
to touch upon them very briefly. 

The mica-schists show varying grades of metamorphism. Around 
Anandpur and Manoharpur, they are dominantly phyllitic. In the 
other parts they have reached a much higher stage. They axe 
frequently (luito rich in quartz, a factor which acoouiita for their 
rugged physiograpliic expression in most of their exposures. 

Petrographically they comprise biotite- and musoovite-sohibts. 
Ohloritio Boliists are common, as for instance in. the Anandpur area* 
In the hillock just north of Barghat and in the hill soutli of Bista 
there are ohloritio schists composed of pale green ohlorite with 
magnetite grains and quartz. There is a zone of mioaoooua cal- 
oareouB flags which can be traced from near Potob to Phatsa, 
through Dhelsara, over a distance of neatly six miles. Its width, 
in the ex^nxe in the Deo river at Dhekiarai is about 450 yards, 

< 86 ) 
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TliP rork varies from an impure limeslorie io (‘jileareouH nlialy 
pliyllife (45/752, 45/752), and pariH of il are likely lo ))e of eeononue 
iiii])ortaTico. Slightly (uloarc'oUH pliyllii<*H oet-ur uImo ntnilli of liiHriv 
and near IVTanokarpiir. 

A sandy, lireoninh and juirplisli ])liylUte oetiurs just, north of 
EamjlioTi, forminfr a hand half a inilo wide and some live luUea long. 
It grades into ordinary phylihe in all direetions. O.inadiferouH 
and stanrolite-lxaiTmg /on<>s tiro also itresent. One such is f(»innl 
passing through Poloh anil ITatngara. Another lies alongside the 
prominent siU exiending from (hiilo to Rahga. Oarjiel,iferous rocks 
are found near Ohota Ihiiiiloi and iyiuiitlajor south of IJisra, and 
Malidili south of Rajgangpnr. Thin hands of garneliferous gneisses 
occur near Buolikupaia and 'Bihabali, as already diwribwl on page 
72. 

The quartzites and quartz-sohials ore particularly w(‘ll develop- 
ed in the aonth-east. They are alin£)st always sheartMl and brtMik 
into rough alabs along planes of seliiHtosily. They eoni])risi‘ miuhoo- 
vitic, slightly ferruginous and oceasitmally i.ourinalin(‘-l)(‘Hring variet.- 
ica, which may be fine-grained, gritty or twini eonglouierulir. (3on- 
glomemtio bands arc seen in the (lainburu ridge (an exeelhnit sei'tion 
of which is soon in the Ohatupajharan pass through which irhc Haghu- 
nathpali-Bonaigarh road lins been alignwi), in tho IJIiHimiinuuda 
pahar, near Kusumdih, etc. 

The pebbles in th(‘So are mainly of sedimentary origin, though 
occasionally autoolasbic elements may be present. A Nillimanit<‘- 
hearing quartzite is proaonb in tho lull south of Kahehua and another 
with kyanito in tho hill south-west of Jara, 

The carbonaceous phyUites and schists arc very similar to, and 
lithologically indistingui^able from, those occurring in the Gangpur 
series. The occurrences however do not form persistent beds but 
disappear when followed fox a few miles along the strike. A band 
adjoining the epidiorite neai Kiohinda has been extensively silioi- 
fi.ed, and in some places almost entirely replaced by sUioa, 

Bf ecciated rocks. 

There ate certain restricted linear zones in the area under con- 
sideration, where, as a result of foujtiiig, breociated rocks have 
been developed. These are distinot from the sheared grits and con- 
glomerates whwh form the Kaghunathpali zone, and the quartzites 



THE TRON-OBE SERIES. 


87 


nnrl qiiarl/-.'K'lnRts of ilio Bonai rofijimi, TIiprp latler have clisiinot 
HlTa1it;ra])lii<' posiiions in tlio Roqnoiiro of forinaiioiiH and are clearly 
Ili(‘ tcmiHj of ihe enmliin^ und Rlienring ])lipnoinoiia aoconipanying 
llie orogenic inovi'mcMits of tlie late Dbarwar period. 

Tl»e fauU-1)rw'(‘i,\R io ho doRcrihed here may either helong to the 
hani(‘ peiiod of moveineniH or may have appeared at a later stage. 
fSoiiie of tlie rocks involved, as will be seen below, are pegmatitic 
and granitic, and all have been generally rcoemented extensively by 
H(MM)ndary silica. It is ])os.sib]e that lIioHe Axult-breceias were generat- 
ed in fault* . appi'nring during the waning period of granitic intrusion, 
or indeed <'ven as late ns the time of post-Gondwann faulting. 

Tbor(‘ are two types of these breeehiH. Tlie more common type 
is (juart/iitie, and the other granitie. Tlie fornior, because of their 
eonqiaratively greater r(‘siHtanee to weatheriug, form conspicuous 
ridges, and comprivsi* the followiug oeeurreuecs : — 

1. (bio niih' north of Jlaudega along the Oangpur State bound- 

ary. I’liis is ov(‘r a mile and a half long, trending in a 
E.IO" S. “W.IO" N. direction. 

2. The Miitipalnir (22" 18': 83° 48') and another ridge a mile to 

the east of it are practically in alignment. Tim total 
h'ligtli, including t.h<* gaj) between them, is about three miles, 
rt will fie uotic(‘d that the broeoiated pegmatitic rook 
oeiMirring near Kinjirkela also lies along tho same trend- 
line, and may v(Ty probably donoto a continuation of 
this Riimo fault xono. 

3. A ridge extending from Bimdargarh to near Patrapali 

(22" 10' : 84° 1'), with a long break in the middle. 
lJut in this break, at Tangarmunda, a small exposure of 
broeoiated rook has been observed, so that there is little 
doulit that tho zone is continuous and underlies the soil 
cov(‘r boro. 

4. A remarkably continuous ridge, extending over a length 

of more than 18 miles, from Tinkiira (22° 9' : 83° 66') to 
Itainda (21° 60' : 88° 68') on tho Ib river. The general 
direction is N.IO® W. — S,16° E,, but at Tinkura it veers 
round to the north-west. After a break, in which it is 
not recognisable, perhaps hecauso of the absence of quart- 
zite, it is again seen half a mile south of Handipani 
(22° 12' 30": 83° 61'), but much attenuated and hav- 
ing a thickness of only some 30 ft. There are severtd 
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oonsirictioiifl and hnlfn’Tic^s aloncf IliiB zono, varyinpf in 

"widili tolwoen a few yards and nonrly Imlf a niila. 

Tlia oripfinal Iwrciatorl maioml in ilinso is n fnio-£jninad, nioHlod, 
whiio to pink and liplil-, bTown qiiatizito, Tt lias boon brolfon np 
into angular fragmonts and oomontod by Uiin Yoins and vcnnlolH 
of wHto OTyfltnllinc or clmloodonio quartz. Thoso lattor froqnontly 
show ovidcnco of tboir sooondary obnraclor of having boon do- 
poflited from aolntionSj and display banded and oonib-RtrnoInroR 
(Plate 15, fig. 3) and oooasionally cavil ios lined willi tiny qnnrtz 
crystals. The quartzite varies in grain size, some eomparativoly 
coa-rser portions being surroimded by zones of intense crushing and 
granulation. It contains black ai\d browi dusty inclusions ‘whieb 
are mainly ferruginous. Sericitio matter is very rare, but occurs 
sparingly in tbe Sundargarb exposure. 

Two small oocurrenccs of brecoiated pegmatite, wbicb are doubt- 
less of the nature of fault-breccias, have been noilced. One of 
these is found just to i,bo south of Kaebbarjor (22® 17' ; 83® 55') 
and extends in an oast io west dirccirion for over a mile, with a break 
in tbe middle. Tbe thiolmoss of tbo zone is about GO 1o 80 feet. 
.Mong the same trend, and about a mile further east., is a small 
ridge of similar rock, passing tbrougb tho village of TCinjirkeln. 
Tbe rocks exposed in all these look very mu(ib like brecoiated quart- 
zite. One specimen which was collected from near Kaebbarjor 
(41/716 : 20829) was found to consist of quartz and ortboclase 
with a small quantity of microoline. Mica and graphic struetUTo 
are rare. Granulated patches arc common. Voinlcts of secondary 
quartz cement the brecoiated fragments together. Tbe Kinjir- 
kela exposure is also similar. 

The other occurrence was observed near the place marked 777 
on imp, situated at about one and a balf miles E. S, E. of Masni- 
kalu (22® 1' 30" ; 84® 2'). Tho rock appeared at first sight to bo a 
orusbed bluish grey vein-quartz, but microsoopio examination showed 
that it was a pegmatitio toci consisting of bluish quartz and subordinate 
Iblspar. The quartz is streaky in appearance and gives wavy extinc- 
tion. Rare muscovite flakes also occur. The extent of this exposure 
IB not clearly seen, smee the area is much oovoied by soil, but the 
nature of the rock makes it clear that it oconis in a zone of otushing 
and brecciation. ^ 



CHAPTER XI.- EPJJ)JOilJTES AND AJVIPUIBOLITES, 


GENERAL. 

In Hovcral pln(*os in tlio ai'oa, bolh in tho Cangpiir scrios and 
the [ron-«ro Hori(‘n, ot-eiir iiuishoa of basic ignoouM roclcH which have 

Distrlbudoii meiamorphoH(‘(l to cpidiorite and nniphi- 

bolilo. Tliey aro piirticularly ul)iiuclant in 
the (*iiHt(‘Tn })()rtioii of the area under conHidcration. Mlruetuially, 
the great majority of them are hilln. One of these is assooiated 
with the n])per cjirboniuieons phylJite zone for a long distance. It 
may bo Been from near the trijnnetion of Ranchi, Singbbhum and 
Gnngpiir, trending nearly wcHtwanls, to IhiDld. Other exposures 
in the fiuine ;{one are Been at a few places on the eastern end of the 
anticlinorniin, as well as along its Bouthein miu’gin. 

A number of oilier prominent sills occur in the lron-or(‘ Bories 

both north and south of tlie geo-anticline. Tin' one stretching 

from Cailo to Rahga m'nr the flonai border is the best tleveloped 

of these in 1h<* son I hern area. To the north of JBirmitrapur there 
la a w^riea of more or Jess parallel aills (? and some flows) which, 
when followed to th(‘ west, converge towards Targa, owing to the 
high compression of the sirnta in that direction. Most of these 
show nnicli vm in lion in thick tk'hs jukI branch into thbnor sills and 
are intercalati'il wit it the Hehisla. A few thin sills occur in the 
wi'Ht,(‘rnmost part* of (Jangpur Htate near Masabira. These arc 
also ap{)arently i.o be in<‘liuied in the Iron-ore soiieB. 

On the Ronai Ixirder there are a few loniiciilar masses of the 
some Toek, while, to the east of the geo-antiolinc, in Siughbhmii, 

a few small exposures are H(*('n which are structurally dykes. 

TIic ocenrrenca'H in tin* Kanchi district seem to show, in a few 
cases, a grading ofl' of the margins into phyllites. The appearancea 
liowi’ver need not neccssiurily ho real, since 
y c appcnraacc. cases the specimens collected from 

port, ions which look(‘d megaw'opically like phyllites proved to be 
very line-grained imipJiiboliteH conii>oscd mainly of pale actinolite. 
TJioce is however tin*, possibility that some of the epidioritc bands in 
Runclii are of the nature of flows associateil with tuffs. There 
arc again the peculiar shcarwl chloritio conglomerates occurring 
near Thiatfl)igar in the south-east corner of the mapped area, which 
are probably of a tufl’aceouB nature. These aro described and dis- 
ouBsed in a later section, p. 100, 

( 99 } H 
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li may ha sugf^oHli'd tliaii ili(‘ of one of tlow Hills 

with tlie upper carhouaccouH phylliU* zoiio may he inken tin proving 

A.M.ci.tioti with iio'vh 

carbon-phylllte piobably tlu’ (‘iirhonmusnis m.iteiiiil ih ii lull, lliis 
forlultouR. i’(>h1h on tlie usHUinption iliat tin* earhon in 

tlioae pTO-(Vmhrian wslhnentH in all of vole.uht' mugin and not 
organic. Thin ([ucHtioii iw <liscuHar(l in tin* cluipliT on the (Mi'l)ona- 
C(ions ])hyllitcs. Iflxrept (Itmhtfiilly in ihe Ihincln on’urnuicseH 
ami ill tlio slicaipd ohloritic, conglonnTaioH lu'ar Tlii.iiiingar, then* in no 
definite evidonco of any tiina(a‘<)nH nuderial, and (*veii in lliaso 
cases the evidence is noi, conipleiely reliable. If tlie basic roclcH 
represent flows, then thoic variniion in Ibieknehs from j)lii(‘e to 
place and their irregular (UHtribulion along Ihe npjier (’urbonacc'ous 
phyllile art' dillicnlt of explanalion, sinct' tht‘ llows Hlioiihl have 
spread out Xahly nniforinly tiver long disianci's in onler io risveh 
all the places where they are now exposed. Tin' bartie rocks are 
also remarkably uniform in composition Ihroughoul this zone, 
except for sceondaiy siliuilication. They an* not, assoclided with 

tlio older (iarbouaceous pbyllite zone (‘xeept in ou(‘ plact' (i.c., wt'si- 
of IChafcknrbahal). There is only ont* other ZiOju* wlu're there' aro 
some associabc’d carbonaceous phyllili's, 7u's., the tSailu Raliga 
bawl. The basin rock also ueciirH at dillereiit jmsitious or levels 
in the earboiiaocoLis phyllile at dillerent places. Tin* (‘xpluualiou 
seems to me to lie in tlic fact that the rook was intpuded as sills 
in the carbonaceous zone, which, being a zone of wcaktn*sH, was 
in a favourable physical condition which pormittoii (‘asy ahiitt(‘rijig 
and penetration by a liquid magma which wollod up along it. 
Once the magma gained uccom to this zone from its main basin 
underlying the Dalma region in northern Siughbhum, it easily 
followed the zone, penetrating and replacing it to various degrees of 
completeness. The older carbonaceous phyllito had apparently 
been much more oompoctod because of its greater age and the thiok- 
neiBfl of sediments overlying it, and hence it may uot have boon 
accessible to the basic magma.^ 

There is little doubt that these basic rooks are identical with the 
<Balma traps’, which are conmdorod by Dr, Dunn io ho oontem- 

Dalma^irsp age. poianoous with the topmost portion of tho 
Iron-ore series. Reasons have already been 

i This has a parallal iu the imoa'P^ldobitd sills wMoh are olossly assooiatod with ths 
upiter and sdlt^r scams of ooal in tho Jharia ooaliield. 
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f^ivon for conH^loriijpf tho HurceAHion of rooka in tte Ganf;piir anti- 
clinoriuin io h(‘ olih^r in ago tban the Tron-oro sorios. Honce tiio 
basio rooks would liavo intrusive relalionsliips with the oMer Boriea 
which WHS already prosoni; when they woUed up. 

Kin<‘e t,lie h.iaio rocks wore formed, however, they and the whole 
series of sedunenls were subjected to diaatrophiam on an intense 
boalo, which eonvtuted the clay sediments into pliyllites and inica- 
Bohists, and the intrusivos into opidiorit-es and amphibolites. The 
original pyroxenes wer(‘ converted into ainphibolos and the basic 
plagio(‘laseH were albiiised and epidotised. The comparatively 
large amount of iliucnite, leueoxene and sphene now aecn in the 
amphibolit<\s ])roI)ab]y represimt to a large extent the titanium 
content whu'h originally was jirescnt in solid solution in the pyro- 
xeiies. Be(‘ke ^ has shown that at the lower temperatures and the 
diff(*rent conditions of physico-chemical equilibrium obtaining dur- 
ing the metamorphism of basic igneous rooks, the titania in the 
original pyroxenes and ampliiboles would be thrown out of solution 
atul would bo found as ilinouite, sphono and rutile. 


PETROLOGY, 

The rocks are all dark and g(‘nerally have a marked gre'on colour. 

When muck felspar, (juari/. or light coloured epidoto is present, a 

. mottled appearance is common. Weathered 

Pliysical characters. .. '■' , i i. i i 

portions are more or loss lati'ritised, and give 

rise to a dark ohocolnlc-browu soil. The rocks are also markedly 

schistose, and brt'ak into thin slabs or columnar splinters, It is 

sometimes diHicult to find the dip of foliation becauao of the oxcos- 

sivc development of splintery structure. 

Ill several places the rocks display a banded appearance (il/685, 

4.1/708, ctG.). This is generally due to the arrangement of uniplii- 

bole in iiecdlcB with their lengths parallel to the piano of sohistoaity. 

Some show the ptesenoo of tliin veins of quartz, which may even 

bo folded (4:1/712), In the. sills near Mosabira, thin films of silicfi 

were found along some of the joint planes, 

The potrographiq typoa include ©pidioritoa, amphibolites 

and amphibolc-sohiflta, t^emolitc-sohiats apcl in one case a 


^ S', Booke, tlber Miii.flralbef)t 4 Ui(l und Htruktar c]of KtiatarUiniBchon Soliiofw. 
Pmkachr. rf . Kais. Akad, Wisaen. (Wwn). Math. — NcUtki w. Kl , Bd. 7S, 1 Halbbind, 
p. 6, (1913). 
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treinoliio-calciio-pliloffopiU" rock. Tli(' Kpot-Uk* pnivlty, wln’cJi Avas dcicT- 
mined for oiglitcoii hiind-Hpt'cinicnn <'olltM*l(‘d froni variouw places 
in tho area, ranges in vakie from 2*07() lo \AiUi an average of 

3-08. 

Tho rocks inclndcd li<‘ni ccmltnn a green pleoeliroit* an)])liil)ole 
as the oliiof mineriil, l)ut in soitio e.ases jiale green or ev(‘n practi- 
cally colourless amphiholp of ireniolitie eonipoai(i(»n nsauines 
, , ini])ortaneo. Tlio amount of tluj oI.Iu'T minerals 

IS vory vannlup. tinartz uivtl plagioclaso Ituspat 
ate generally presoiAt. The latter is usually alhitised witli tin* 
eimultancouR dovolopment of opklotc and zoiaile. Original pyro- 

xene is raiCj hut has hcen found in sonu* oases> partly uralitised. 
Chlorite is also sometimes seen. Among Ihe- minor mha'rak are 
calcite, magnetite, ilmenite, sphone and leuei>’cei\(‘, pyrite and 
rarely tourmaline. 

In the Hchiatnsc l.y\)i‘s the aniphiluOe is lath shapetl or aeieular 
and arranged parallel to the phine of foliation. In tin* e(»arHe- 

Attiphlholc graitied and giieiHuic t.y])(‘H, it U'uds form 

stouter cryHluls wliieh do not sliovv the widl- 
doveloped parallelism of the schistosti typ(*H, Oj’eaisionally, roH(‘tte* 
like groups and feathery crystals are also (.0 fa* se<*n (lioiOO). 

The most coninion ty])o of tluj mineral is a dark gri'en and high 
ly pleochroic (light yellowish green to dark hliiish grutm) vuruity 
of hornhlendo (22115, 22122, 22 H 3, ere,). In some (20(153, 

22124) the larger crystals of amxddbolo in the sections show a ]>utediy 
or zonal distribution of colour, tho margins being darker gr(*(‘n in 
colour than tho centro. Some, which wore examined under con- 
vergent light, gave a negative optical sign and may therefore cor- 
respond witli aluminous hornblende or smaragdito. In some 
casM these pelochioie amphiboles may bo aotinolitio. In dilTbrmit 
sections the m aximum value of extinction in prismabio sections 
was found to be between 17° and 22°. 

In several oases tho rock was found to consist almost entirely of 
amphibole, the other minerals forming less than two per cent, of 
the area of the thin sections (22112, 22128, 22130, 22881, etc.). 
The amphiboles show excellent parallelism in general, but sometimes 
have a i^ted airangem^t. In addition to tho general mass of 
comparatively large-sized ampbibole, some very fine, filiform to 
aoieolw, amphibolo is developed at the junction of the felspar and 
the ori^nal fecromagnesian mineral (22100, 22107, 22124, 22134, eftj.) 
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Tliose iutorgrowfcliH of fi'lspar und ampliibolo noedlos are evident- 
ly produota of mdaiiiorphiatu to wliich ScderlioLtn has given the 
naino ‘ fl3niiplokbito ’ undt^r tlie more general group name ‘ synan- 
minerals fn some iiLStancoa, very line, somewhat vermi- 
cular, iniergroA^ths of plagioelaac* or ijuartz and olinozoiaite or 
zoisile hav<' also Ix'cn found at the function of theae minerals.® 
The (larji grcc'u, j)lcochroic ani])hil)ol(* from n speeiinen (38/119) 
colJcct<‘(l from the hill juiith of .lambahal was eualysed with the 
reaiilt, given below. 

I'lie r<ick, jifler enihliing to pass through u 100 nu'sh .sieve was 
aepajuted by heavy li»[uid. The asrtoeiatetl in.iguetilc' was abstract- 
ed by «i inagneli uiul tlie elean jim])hibol(‘ picked out for analysis 
under a low magniliealioii microscope. This nuderial had a specific 
gravity of 3*13 at35'(', (dclcruiined by the pyciiomet(‘r), and the 
following rcfraciivi' indiecs, d(‘t<‘rjiiined by the immersion method 
in sodium light : 
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tyat umpliIlKiiao (Ofi/llO) from llic liUl nortli < ' ' - ‘ ' 'i-'--™,,. r+aUl An*. 

iDOs'^' oinphUwUto itf VmliaUBt'n, Tljol. AnaJyot — U. llesraw {MU*. I’ttr, MOt., X2UI, p. 602, 

Viom dlwrlto-BfliJBt, E'romBtBl, AuBirla. Anulyst— J. MorozrvrtM'. iSSeOt, /. Erid., 3CXXIJC, 

**' i?nm\mpliflwMto. Crimw Oonler, M«8 b., U, 8. A. AnalyBl/— W. JT. imiotamd. (IT, 3, ikd. 
Stm. 419, p. 206, 1910). 

* J. J. Soderholiap On Synnntotiu minerals and related phenomena. SvU. Comm. 
Qeiol. FinUmie, No. 4 S^ np. 44 - 46 , ( 1016 ). 

■ J. J. Sederholm, tWi., p. 60 . . , , i j -o- i,i 

L. A, N. Jjer, A study of the granlUo introalonfl "with their “ Raao 

and Singhhhntn distriols. Fee. oiuiL 8wv. J«d,» LXY, pp. 610 , 614 , ( 1982 )- 
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Th(‘ ^m'u ])Ioochi‘ou‘ iinipliiholc from llu' amplnholilo hill n(‘iir 
Jambalial ia thereforo hccm to bo «n nlmninous bornbloiitlo, o»)H)- 
parablo with tlioho wliowo atialyH(‘M aro in tlio liiblo. All of 

them have evidently been derived from jtudmnorpbosi'd basie 
igneouB Tookn. 

From tlio analylieiil rewult of the ainjdiibob* under eonm<l(‘rii- 
tion (anal. 1 in tho nbove table) the followiuf^ moleeuloM were ealeii- 
lated, UHing the fomiuho p^iven by Wineludld 

32[HaNaCa2 (Mpf, Fe}^ A I HiflAlaOa^l Ilornblende type, 

42[(Ca, l^aa)^ (Mg, Fe)^ A1 Bi 7 Al() 24 l Ilornblonde type. 

18[Caa (^8^ Fo'') 3 Fe''' 2 ^^i 8 HiebiK’kiie-glniU'opliane typ(‘. 

4.2[(Mg, Fc) Alg Sij O^al Rieboek'ite-*>liiueo])luine type*. 

It should bo noted that only the tirst of tin* above* four tunl(*(;tile.s 
is identical with one of the foriunhu given by Winehell, tlie othi‘r 
three corrcaponduig closely with otliers given by him. 

The amphiboles frequently contain ph'oehroie haloes around 
sphenes (20012, 20043, 20232, 20800, 20822, cfc.), which mineral 
has long boon knowm to give rise to this phenomenon becauHt* of 
its containing Hinull (pmutitieH of Tadioactiv(‘ olementH, 

TremoHbc* and actinolite have uhw) been Found as im]ioi‘tunt 
constituents of some of these anijihibolites. These I'orm part* of 
* the bands in C(*rtuin places, for example near 

actlnoIUe, ^ho Uangpur bouiulury north of Nuagium 

^ ^ ^ 19'; 84° 24'), near KoUumunda (22° 23'; 

84° 32' 30"), Kumhakora, and other places which arc ni(‘ntione<l in 
great^ detail on a lator page, l^alc green actinolito is the chu‘C 
constituent of the amphibolites at and. arutind Furnapaui (22° 4' ; 
84'’ 44'), near Chandipos (22° 4' : 84° 35' 30") and a few other 
places (20211, 22137, 22897, 22898, etc,). The tremolite and aoti- 
nolite sometimes contain dust-liko inclufflons which may be ferru- 
ginous, The ma xim um extinotion angle in prismatio sections is 
about 17° or 18°, 


Traces of original augite arc found only in a few rare caaos, as 
few instore in the oocunences reprosentil by thin section 22100 

Augite rare, Delibuiu (22° 2' ; 84° 67'), 

22108 from near Mohxa (22° 0' : 84° 66'), 


IS^ ElemaatB of optical mineralogy, Part JI, p. 289, John Wiley St Bono, 

pleoehroitteolie Hdfe, OeniralbL f, Min,, GwI, U. 
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20703 from ilio lonticnlar inasa ono ruilo oast of Malioli (22® 17' 30" : 
84 !)'), juk] 22H(i8 from iioar Koraiijo (22'* 2G' : 84° 25'). In tLo 
/irsf two oiiMow, illw' siiijfiio sIiowh twin h will i ‘ horrinffljono ’ structiiTO, 
tliio lo orlliopiiiacoidal Lwiniiiiij^ and basal cloavago, tboiigh, most 
<■>£ tlio nialorial has l)ooii nralitiflod. Tn tlio last two, Lowovgt, a 
H'w grains of imnllorcul, or })alo gi“(*cn partly altered, augite still 
remain. 


Felspar is iairly aluinflunt in some (nliouL 40 per cent, of the 
slide in 22L21, 22X22, 22870, o^c.) while in oiliers it ranges down to a 
reUpars. quantity (22008, 22124, 22134, etc,), 

Jjainollac (winning has to a large extent been 
obliterat('d during tmdaiuoi [)liiHni. Where it is clear, the inaxi- 
iman basieity corresponds lo andesiuc-labradorito. In inosli of 
the rooks the metiimorphism Inis residUal in albitisation of the 
felspars willi Ihc' sinniUaneous ])rodueli()n of iniTierals of the epidote 
group. Ortlio('lase and iiueroeliiie have beiui noticed but rarely 
(22870 and 22808). 

Fpidol(‘, lioisite atid clinozoisite are fairly eonnnon, A vein 
composed of clinomoisilo is found in thin sections 20807 and 21370. 
jj .. . The cpidole is generally rather pale coloured 

(20807, 20808, 22100, etc,) and cloudy and 
shows distimd ])ut weak ideochroism. 

Among the tu’csessory mineralH ilnienite uml sphene are the most 
eonnnon. Sk<‘lotal growths of magnetite arc seen in a rook from 
- 1 . the hill south of Bisra (19900). These ilmo- 
into grams are often surrounded by a anoll of 
sphouo (22870, 22884, etc,) wliioh was apparently formed during 
motainorphibin owing to the addition of calcium and silica. Leuoo- 
xenc, the tranflluceut to opaque white alteration product of ilmenito, 
is also seen. It has so far generally been assumed to be a variety 
of sphene but recent work shows that it is mainly an oxide of tita' 
nium.^ 

Chlorito and oidcito nro also found in small quantities. The 
former is fairly frequently seen (22129, 20785, 20220, efc.) in the 
, types which, have undergone a somewhat lower 
grade of metamoiphism than is necessary for 
the production of amphibolite. In general the species of chlorite 


^ Fay Coil, Chomioal dompoeition (A kucoirojid in tho Permian of Oklahoma, Amer, 
ijww., XVm, pp. 02.66, (1683), 
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seems to lx* pontuniitt*. Th<* eaViU* in with «'i)iil<>t(* 

hut usually iu very siunll atuoimlH (22ltil, IhSlh, r(<\). liiikUt»u 
also has hmi oeoasionally loiiml, luit U partly nit '‘ml to chloriLo 
(228G0, 22801), 191) U). 

Pjrritc, tonruialine and upiitiho arc* (he otlh*r oond il/iiciils piv.siMit. 
Of these, p3urit(^ is more IVotpieutly seen Ihiiii the olhert. Tin* lour- 
maliuo is found in some of the tremolile ..eiiists, while apatite 
ocours spuTiiif^ly in 22121 and a ri‘\v other sei-lioni. 

A few typical varioties of rocks of this }j;roiip will now he de^crUx'd. 

m^MiorilG (ml AwphilmliU\ 

About a fuj’long to the east of D^unktira (22" 10/ ; n't" H') oeeurs 
a small e3q)osure of alton‘d liasio rock. It. is dark t'lemi and lin<‘- 
grained and consists mainly ol neetllelike nmpliihole aixl almndaiit 
light green chlorite, the latter showing ‘ ultra blue ' interfereni'o 
tints in thin section (2078D). The chlorite is seen to ho derivixl, 
in part, from the aliecaiion of ainphibole. The other minerals 
present arc plugioeliise, some (juarfc/., spheno, apat.iti', ilmmiite ami 
leuooxenc. 

A small dyke found to tlui N. N. W. of Honrai (22' 21' llO*: 
84® 55') is an epidiorito with little or no aniphilxile. The thin 
section (19890) sliows cpidote, (juarti^, ealeite, biotilrc* and chlorite. 

In the stream west of Kokerama an exjKisiin* of liighly joirit(‘d 
amphibolite occurs. It eontains (lUDdl) much honihlemlo with 
auhordinato biotitc* altering to chlorite, and quart;s, A rock collwil- 
ed from the MU north of Jojodah (22® 27' : 84® 59') eousists mainly 
of hornblende. The colour of the mineral is of moderate intmisity, 
and the maximum extinction in prismatic seotions is 19®, The 
accompanying minerals are quartz, alhitised felspar, clinozoisito 
and epidote (19929). A spcoimon (37/896 : 19845) from an occur- 
rence in the vflla^ of Binjo (22® 27' : 85® O') ooutuins hornblende, 
blowing patchy distribution of colour. The plogioclase, which is 
fajily^ abundant) shows albitisation and is full of inclusions of 
amphibole and epidote, the latter clearly derived from the plagio- 
Olase, Bmenite and oalente are also pixisent, 

Epiioiite^ 

Two oco^ences of a massive, light yeUowish gr^n, £Mely 
gtonular epidotenpiartz roct were obeyed, one of them (41/647) 
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foniiing a low dyko-liko ri<l{»e near Sikhipani (23° 59': 84® 14'), 

and 11)0 ollior (41/709) oooupyin^r a small area at the south-western 
end of a arnidl hillock ludf a mile south, of Gaikanpali (22® 23' : 

84® 3'). Both those outorops are comparatively long and narrow. 

In thin si'otions (207 <51, 20823) they are seen to he composed of 
nearly o(juji] amounts ol (jiiju-t;i and light yellow-greon granular 
opidott'. The (‘pidoto is generally somewhat clouded hy inclu- 

sions. Hoveral grains of sphono are also found. 

'J'ho Sikhipani (‘xposure is somewhat latoritiacd at tlio surface, 
duo to tlui wt'atlioriug of the opitloi-o with the separation of iron. 
Thin s(‘etiojiH (20151 to 20153) of spc'chiums collected from this 
exposure show <'pidote tlu‘ colour of wliich is patchy. 

Fj'om th<‘ fielil evidenc(‘ it is not poaMble to say whether the two 
occurrem‘«‘s r«‘j)i'esont nltiTtMl basic rocks or jnctanior])hoscd calcare- 
ous Hcdinumts. Ilarkor ^ states that though rooks of the latter 
origin have been observed, they art* nob common. 


AntiyonUi-sdhist. 

Talc-H(ihIst(H are nppannitly rare in tliifl area. An ooourrenco 
which looked like u IjiIc'Schist was found on the wc'stern bank of the 
stream wosi. of Katepur village (22® 25' 30" : H5® 2') forming a lens- 
like deposit, som(‘ 40 ft. long and 8 to 10 ft. wide. Thn rock is 
soft anrl rather soapy to th(‘ touch and very finely schistose with a 
pale gn'eu tinge. TTuder the microscope (19852) it is found to 
consist of extremely fine needles and plates which are mainly anti- 
gorite. AssociaU‘d with and interspersed in these are flakes of 
talc. 

The exposure is to some extent obscur(‘d by soil cover. Its 
length may bo more tluin that given above. It adjoins the upper 
zone of carbon pliyllito, wlimli is accompanied by amphibolite, a 
short distance to the south- west. Tho strutigraphical position 

lends support to tho view that it is the alteration product of a basic 
ignoous rook, probably a pyroxonito or pcaddotito, which typ^ 
arc known to give rise to masses of talc or antigoiite,* 

^ A. Barker, HieiiamotphiaiD, (London, 1932), p. 267. 

* IbiS. V. 

H, BL Hoad, On the coned aaaoolation of antigo tite, talo, artinolite, ohlotlte and bio* 
tite in Boat, Sheiland laUnds. Mimattl, ZXill, pp. 619-540, (1984), 
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Hi'r pent ini HCit lut.sut rtv'k. 

Near tho noiihmi end <*f ilu* sill just stnii.h uf (‘handipotti 2'; 
8d® 50') tlio Imsio rufk (11/102: 22102) i.s ohsomsl to bo <'(un- 
poHod mainly of florp<Mit.in(‘. Tho cracJcH in ilu* luiuoral are' filh'd 
up witli duHty and granular ii‘(»n-oi*o proljubly I'lirnin.ilss! during 
tlio BorponUiiiHjition of tho origiuid pyroxene. Some v« ry line 
ooloarlesa iieedleH of (?) atuphiboles are »»'(*?» along t-he margins 
of the aerpentino ais^aa. Some fel.s]>ar is pn^Henli but. it is Heii<‘ili.sed 
to a largo extont. 


Trcuialilc-arhist. 

The presence of tremolit(‘'fcK!liLsia among the iunplub<»liles and 
cpidiorites of tho area haa already been mentioned. The imjaudunf 
occurrences are briefly deseribed b(*low. 

About a mile and a half north of NTuagaon (22^' ID' ! 81° 24') 
is a band of tremolitc roek which is nearly half a mile long and 
100 yards wide. Tlio main eoiwtituent of t-hts 1 h lremrdi*(‘ wliieli 
frocj^uently shows radiate groups. Thin s»'oiion.s (20211) show 
colourless bladed tremnlito wi1.Ii inelusioiw of earboiifie<'r)UH or 
ferruginous dust, and subordiuuto pah‘ plt'ochroie (eolourleHS l.o 
light Orange-yellow) tourinaliuo. Anoilu'r similar zun(‘, «m«'.mTiug 
a short distance to the north of tho nhovo, s1u>wh the sann^ inimTiilH 
together with some chlorite. The tourmaline in these hpcuuh tf> 
bo a magnesian variety. 

A large part of the basic rock exposure scon near Kodiimunda 
(22° 25' ; 84:° 32' 30") is tremolite-sohist (38/122 ; 20057, 2005H). 
The thin aeotions show both oolouxless tremolite and pale green 
aetinoHte, together with a few grains of iron ore. 

Portions of the basic siUs in Banohi, ospeoially the largo one 
pas^iing through Targa and BartoU, are oomposod of treraolitc- 
aotinoiib© aohists. The main mineral is oolontleaa tremolite or 
vary pale acstinoUte. The rocks are pado grey or buff, with a groon- 
tinge, fiaid because of their fine grain and high sohistosity are 
easily mistaken for ordinary phyllitoa or mioa-sohists. Tremolite- 
schists were collected from this band near Targa, ILumbakore, 
Bartoli and Bhaorchaba. At the last place, the rook is composed 
entsjiely of tremolite (22896, 22897) with only a few grains of iron- 
ore and rare ohlorite. Associated with the tiemolitshsohist were 
toll! Itoees of tttamnflte-talo-Bch^ (46/749 : 22898). 
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Aiioiihci* iiotoworiliy occur reiir(‘ ia the poriion o-f tlio lcarf];o 
cpiilioriU' hiuul al* and around Purnupsuii (22° 4' : 84° 44'). Here 
also the rock' ajjix'ared at firwt aij'ht to be a cMoritic aohist oi pliyllite, 
bid Tuicroacopic exauunation hIiowchI tho conatitucuts to bo pre- 
flonuiijiutly treiiiolito or iron-poor actiiiolitc, with a little felspar, 
iron"Or(‘, aiul c'liloritc. 

Tlic Hiinio })aiifl sliow.s, at its caBtcni end, about three furlongs 
west of (lailo, an (‘Ihptioal area whore ii trcmoJito-oalcitc rook occurs. 
A Hp<Tiniou from here (44/189: 22128) shows abundant colourless 
radiating groups of treniolito associated with a fair amount of 
calcite and a little quartz and phlogopite. There is little doubt 
that this is part the ejndioriie band, and similarly derived from 
the parent bask* igtieous rook. Tt differs from the other tromolito- 
sohists of similar origin in its containing much calcite, })ut the 
di(T<‘reuc‘i‘ is cmly one of degree, since calcite has lu'en observed in 
several olluT H]K'cim<‘ii.s of ainpbibolit.e of this area. The original 
composition of tlie basic rock in this patch, aided p(‘ThapB by 
mineralising solutions, may have l)een favourahle for tlio develop- 
ment of more calcite than ols<*wli<‘re, in JiH.Mociatiou witli trcinolitio, 


Hybrid lypos. 

In tlu’ an'UH oecupk'd by granite, Hoveral small exposures of basic 
rock (Kjeiir. All of them are evidently remnants of basic intrusions 
caught up by the granite, and isolated. Such basic patches or 
inehisions are to some extent tho hybrid mixtures of the two ty][)ca 
of rofjk. 

In an exposure in tho stream W. N. W, of Kui’oi, granite is found 
injcot{*d in V(‘Ty thin veins ox sheets, lit-par-lU fashion, in the planes 
of foliation of amphibolite. The rook (41/708: 20822) shows much 
green, strongly pleocliroic ami)hibole constituting over 50 per cent, 
of tho rock, the remainder being composed of equal quantities of 
quartz and xoisito or clinozoisiie, and a little sphono. 

At and around Tikra (22® 29' : 84® 48') some hybrid roolcs occur. 
One specimen from hero (22894) contains amphibolo, quartz, orth’o- 
olase, miorooline, oligoolase, sphene and apatite, Granite veins 
are abundant in the exposures. Around Qunghuti in Bamra State, 
the hybridised basic rook is a hornblende-^gneiss similar in mineral 
composition to the Tikra specimen mentioned above, and contains 
abundant veins of Boierooline-beanng pegmatite. In paart, it has 
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tho charactrf‘rs of a tlioriU** wintilir lo .inotliri otM'urrniro 

d(^cribod b(,dow« 


Micd'-liuFnliih'tulf' ffHtiss. {JhotiU ifnrihs), 

A loiiB of fairly (‘oiirHo rork t>f Imi u* .ipfUMratK'o otTiirH iUiiiiLsi 
tbo gmiuti<i“{»uoirtH noat nunuirl)ai!ial II' lUI" ; Ml'* V'). Th(‘ 

pxpoHUTO is about av tnilo loiifi ami a fourth *>f .« inilo \si*lo, tlu» U'upth 
coincidiug with tlio foliation Hi.rik»* of tin* A Mpociinon 

(40/1R0) tabi>n from tho marginal pa^rtion of tlu* h‘ti>+ Inns tho apprur- 
anco of an ampbiboUto oxiM'pt h*!* l*ht* C'lnnp.irativo rnarwuoHH of 
the grain and a Horaewliat jMih'p foUnir and iiioltlod appoanuu'o* 
A thin section (20‘i;i0) showH much fidspar of tho fMoupomtinn of 
andosine, maoh green hornldeiuln wilh strong ph*oi*}u‘oism, and 
a fair amount of biotito, 'riu* acecanory iiiiin'r.iiH are magncUte, 
apatite and pyrito. 

Tho appreciable amount of biotito otjourrlng in thin, together 
with hornblondo and andoRims tony imlicale e'(traiuH>iw mat.erial 
inoorporatod in tho haHto rook at tho thno of metiaruorpluHm. Hotiie- 
what similar rooks are dcaorihed by Ifarker ‘ uk having derived 
from the motamorphiRm of calcaretuiH and ehloritir MedtinentH. 
It seems however more probable that the rock in mainly, if not 
wholly, of ignoo\is origin, eince the amount, of folnp«\r is consider- 
ablo. Tho exposure has 0 HH(mtiaUy tho appeurance of Urn buMie 
rock common in the region and is entirely sutroutulod l>y granite. 
Tho granite seems to have been intimately mixed with the original 
basic rook and to have formed, on reocystaUIsaiion, a rook of OHsen- 
tially dioritio composition and aspect, Tho solvent (jfloct of 
granitic magma on baaio rooks has been admitted by potrologistH. 
Iddings* has described tho solvent action of rhyolite on basalt 
with the production of dioritio typw. Harkor® has summariHed 
several cases recorded in potrographical literature on this subjetst. 
Xyrrdl * found rocks representing gabbro-granito mixtures, in 
Arran. He oonsiders it probable that the homogenoous dioritio 
rocka in Arran aie the final results of tho complete solution of the 
g^hroidal rocks by the granite magma. This fact is woU 


^A, Haiker, K&tamortiiisDft, (London, ItSS), p. Sdd, 

• J P. IddJng® «* ol., Goo^ of tho Ydlcwrtotio STatioiud Pwk t Part IT, V, 8, 
<ihu>U 8urv. Manogmih, XXXDt, 3H. 2, pp, (19W). 

leoftv p, m w. 

AG. W- %»»0* (Cho Gteology of Axam. Itm. Gtol, Swv. Bet^Jand, p. ItS (W28). 
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tlioiiffli Hill jif'ouihtio U) liowon’s loaction principle, as point- 
ed out by bVniuT.^ 'Phe rock under considerution haa tlio appcai- 
aiK'o of a pniiiniy iffiieouK rock, but from the field relations the 
origin iiKiTilx'd heT<' Hi'cnm if> be the most probable. 

In the oeeujreivce tit (hiiighuti desi‘rib('(l above, tho samo process 
HiTins to Imve ])rodiice<l the rocks of dioritic coinposition. Hero 
too ihere is I'videnee ]»ointing definibdy to admixtures between tho 
two typ(‘s of Toiks, viz., gninite and Jimphibolito. 


II ortt hh'ndi'-fjarbtmiiCh i vfer. 

A tluji lejitieuliij' uuwhh of rock which may bo callt^d ‘ garb(‘ii- 
Bchiefer * is fouiKl jiiat oust of Ibirnismpur (22“ O'" : 84.'’ 24'). Tt is 
only about 10 ft. long ami 3 to 4 ft, w'ale, and is enclosed by garneti- 
feroiiH mica-seljist'^. The rmtk (44/210) shows very abundant, 
large, iu'(‘dle-Hhu])(^d erystida of iunphibole, up to one oontimotre long 
and about half a millimetre thick, set iu a fine-grained matrix of 
((uartx. It is distinctly HchistoHe, the ninphibol(‘8 showing some 
])arullellsin in uiTungenu'nt. 

Under tin- muM’oseope (22147) it shows a grouiid-mnss of quartz 
with some felspar and rar(' biotitt*. Much of tho folspar is twinned 
l)lagioehise. 'I'he iun))hil)<ili‘ is strongly pleoehroio and flcems to 
bo ft Miieeies of liorJibhuide. Hmall grams of magnetito aro present 
in small (piantity. 

Similar nxdts occur in few other localities but are more fine- 
grained, and not so eharaoteristic in appearance as the one described 
above. These may })robably j’ejireHCnt basic inclusions in schists. 
Harker ^ speaks of ijaThmHcltirJ&r derived from calcareous grits, 
but Hinnlar roiks can also bo formed from some types of igneous 
rooks. Hence one cannot bo sure about tho origin of such rocks 
when they oootir in (joinparatively small-sized lenses. 

Ifrom the above descriptions, it will bo gathered that there arc 
a few distinctive tyjx's among the rocks derived from the basic 
Dulmft traps. They can bo i)nt partly in tho * amphibolite facies * 
and partly iu tho ‘ grccn-Bchist facies ’ of Eskola.® Tho amphi' 
bolito faoioB, according to tliat author, shows a good deal of 

*0. N. 'Ponuor, Tho orystalliaaliou of basaltB. Amer, Jotit. 3c,, XVIII, p. 252, 
(1929), 

*A. Uarkor, MotamorphiBin, (London, 1932). p, 200, 

* P. Eskola, The mlneial faoiee of rocks, ^lor^ik Oeol. didtel-., VI, ip. 166, 162-16P, 
(1920). 
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agrccmoiil botwooii tlio (ili<‘tuical ctmipohit.ion niid mineral UNMcmiblage. 
An aiuphiholt* iw iin eHwiilial eoiiHiitncnl , willi \Nlnrh one or nmre 
of tho following may Ix' jisHOciatc'd : micrcM'linp, plagioflant*, I’oidie- 
ritc, calcium and iron garnotfs, diopHuU* and wollastomte. Tliia 
fju'ics ropTOH(‘uiB a higluT gnulo of motamorpliihm than thi‘ gnxm- 
BohiiBt fftcicwS. Till' lalU'P i« prodncorl imdor eondifiouM of coii- 
sidcTablc bU*(»sb, I'orccHjiondiiig to tlu' opi-ztuu* of ({nibeimiiiiin. 
A largo variety of rocks in jioaHibli' iii (Ida fuciew, opidotc, chlorite, 
albito, talc and Hi'rppiitiiw* Indng the cburactoriHtic ndnends. When 
much calcium ia present, it first forms cpidoti', and tlii' i.s 

left over as calcite, ovon in jiroHonce of silica. Tho original limi'- 
silioatcH, when subjootod to the conditions of t.his fHci('.4, arc trans- 
formed into the at, able eyndote. dalcaroous phyllitos or ‘ limo- 
pbyllitea’, in which calcite occurs with <|Uari« anti luieaceous 
minerals, form a grou]) in this facies. 


Metamorphism, 

In the regional metamorpluHiu of basic igneouM rocks t.lie lowest 
grade is rcprcBonk'd by chloriti'-albite •calcite rock.s, MpidoU* 
begins to iijipear soon after and persiHiH into a luG'r Btagc wlua’e 
tho rooks are transformed into amphiboUtes. When t.li<‘ iim])ld- 
boloH appear in force, the necompanying felMpar Is not. so sodio us 
albite, but is oligocluso or andesine in conipoHition. Tliesi* rockH 
can be called plagioolaBo«umi)ldl)olit(‘H, a term wlucb tuight be 
applied to tho groat majority of the rocks described in bids chapti'r. 
Sometimes they may consist entirely of gr(*eu hornbleiidi'. In 
this case, as Prof. Lacroix^ has shown, a pyroxeoe-plagioelaHe rock 
may be converted into an. almost pure hornbicndc-iock, the horn- 
blende then containing the components of felspar in its own com- 
position, With further metamorphism, diopsido and garnet begin 
to appear and tho rooks tend to acquire a granular charaotor, Tlie 
seties of progressive changes has been described by Barker ®, .itmler 
the heading 'metarnotphW of basic igneous rooks*. 

In the rooks described here, the metamorphism does not seem 
^ Imve been intfenso enough to prodiwo tho garnet- or diopsido- 
beormg amphibolites. Though garnet is abundantly developed 
m the miea-sobiflts of adjoining areas, the high pressuxea developed 


^ A. Lwaroix, Sitt la tiajttfoeitDaUoti da quolqii^ roohes fttautivoa basiaiiM 

“W4ai«5isai.S;:KKiS!f^ 
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in llio Mniplul)olii<’R may have boon transformed into ahearing 
htirossos, wliirli are favouTVihle to the formation .of hornblende rather 
iJiaii lli(‘ more granular miuerala. High Rt.itio pressures would 
seem to lx* iieressary [or th(‘ formal ioii of pyroxene and garnet. 
Th(‘ ])lagioelaH(‘-ain]>UiljolUeH are very well represented and also 
rooks of th(* lower .slagt's of melamor])hism. It is clear that hero, 
as in the ca-se of the inica-schiflis, retrograde metamorphiam liaa 
ufTecl(Hl llic rocks, witli (•onse(j\ient H.uisBuritisation of felspars 
and the a])pet\rance of ejiidole and zoisito. 

It Ims l)e(‘n noted that some portions of the amphibolite bands 
consist of treinolite-Hchisis, Tiiis would indieate that the original 
rooks W(‘re poor in alinnina, probably more basic than a gabbro, 
and ai)proxi!uating to pi<*rite or pyroxenite. Tn such alumina- 
poor rocks the place <iC aluminous Jiornbh'nde will be taken by 
tr<'molite-aotinolit(‘ as shown by Iless.^ Tiilc-scbists and serpentine 
woukl form from tbe uH ra- basic magnesian rocks, when enough 
water is availabh', ITsinslly, in regional metamorphism, tlio talc 
is tlu' fibrous aiitigoriU* and may be associated with serpentino. 
The sei'pentiius however, will disa])pi‘ar when the stress exceeds 
a c(‘rtain limit. 


Chemical Composition. 

Two typk’ul rocks from blic amphibolite group were selected for 
analysis, oik' containitig tlio oommoii, pleochroic, green hornblende 
and tli<j other a pale, slightly pleocliroio, aotinolitic amphibolo. 
(^Pablo (5). 

Frimi the comparison of tlio typical amphibolite with two similar 
rocks (see p. 104.), one from the adjoining district of Singhbhum, and 
the other from the British Isli'S, it is soon that they have very similar 
chemical characters. All the l.liree aro under-saturated with 
respect to silica, since olivine is present in the norms of all, and 
nophelinc in two. Though it is probable that the amphibolite of 
Gaugpur was dorive<l from a basaltic rook, Daly’s average of plateau 
basalts is seen to bo richer in silica than this, and oven contains a 
little normative quartis. Jt is likely that the original rook was 
somewhat more basic, or that some change in composition was 
efieotod during metamorphism. 

» H. H, Eom, Hydrothermal motamorphwm of im ultrahaeio iatruBivo at Schuyler, 
Virgania, Amcr. tlottf, So.* XXVI, p. 4^, (1088), 
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In trlio calculation of tlu* nomi 1 linvc foll^nvod Uartli'M hu‘'{;o.s* 
tion^ of showing tho (liffcroni tsoiisriiuontH of diopsuh^, hy[M*rsthono 
and olivine separately. 


Table 6. — Analyses of {mjihUmUtes {PInffioehsr hornhiemiv nH's). 
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Tilt' Aii.iilvsiH rtf Ilif‘ iicfiTirtlili H*Ui f <h»>w < tl»*t M MMiipo itutii w 
ri't'i ilKalilv f'ltMt* fi) thirf nf (In (*m» nliiiulil uilh whi'li il i' 
(oin|mr('t 1 in tin* ilmvt ( ilili' It will In T»t»(*rl tint tli* *1**11 

{■onft'jif IS in.t'dinm It is iiifi'i* hti*j (hit th» l» « 1 itnh 

protluci'fl Mrtvoral fiurlv cvti'nsivrt nf '*t*h iitiiioliti sihisis 

They probably ii'pn'Hcnt porliimi iiHi in ulninf oi Inpusllnnn', 
which snhscquouTly liccami^ .unphilmh csl 


Sheared chloritic jijrlt and coflj^lomcfatc. 

Genetically conncclofl wHli the i‘piitirtnfcs. hut npimrciitly 
■forminjij an interlude in the Risiiment at um arc sumc pcnihur shenr- 
cd conultimcrrttcH in (he muth * iislern (‘irnt'r 

of (lu* art'll. Then* iiic (\sii well nmiKcd 

lenbieular hands here, (‘onformahly iiilcicnluttsl with tin* plivllitcH. 

They have the fteneral iippcnmnei* uf cpulmnlcH hut cimliun Iiiige 

oloiifitated and shoared pchhloH of viirvintr thiiractcr. (hic of these 
exteudfl from Silpunia^i (22® 2' 20* • HC Ot*’) in u iimth cint «lnct- 
tion I 0 a point aoiiih of NawaKiwm (22 ‘ ti' 20"; H5' t^) This in 
over ROO yards wide at Karda* wheie it in well < vjinsed tn tli*' strcnni 
noith of the villago. Tlie other has nearly tlu» nam** HiriKi ainl is 
found on the north-western hank of the stream near Thiaian^ai 
(32® 0' 30* : 84® 65' 30"), whence il extends in n H. H. W. iluectioii 
into tho area covered hy sheet 73 0/13, wlipre it <*nn 1«* followetl 
alongside the Bonaigarh road for more than two mih's. A ruillii'i 
ooourrenoe was noted in juxtaposition with the sill south of Ohandi- 
poaj, at a locality one milo north-east of Barghat ( 22 ® 0' : H4'* 
55'), 

Me^soopioally, the rooks (-14/167, 159, 163, 164, Iflft) look like 
epidiorite^, hnt are generally oharaotorisod by coarse gritty or con- 

Mwnooplc etamnlm. »feruoto. Somn ot Ihm show 

evidence of crushing and ahearmg, tho pohbles 
bdng drawn out and occasionally showing sliokonsided surfs oes. 

axpostue on the st^ux bwk near Thiatangar shows largo 
oveid pebblea of banded haematite-jasper, one of which is repre- 
4V165, Sottie cf 1/he pebbles are eight ot nine 
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incliGH long. Pchblos of ordinary quartzite, white or pink and 
brown iu colour, are also common. 

Under tlie microscope, they show much quartz in the ground- 
mass as well as in the pebbles. The jasper pebbles consist of 
al)undant -fine- grained quartz and magnetite 
Icw^**^™*^******^ (or martite) with a tendency to develop crystal 

outlines. Some patches in the sections con- 
sist of chlorite, magnetite and quartz in intimate association. 
Clots composed almost entirely of magnetite are also seen. The 
groundmass shows clilorito, quartz, soricitc and rhombs of dolo- 
mite (or cahiite). In section 22103, a few felspars have been 
observed, including microcHne. 

The cpidiorite (amphiboliLe) band south of Chandiposi consists 
of abundant pale actinolitic amphibolo and albitised felspar. Along 
its margin is found an occurrence of the conglomerate (44:/168). 
This differs from the other conglomerates described above, in con- 
taining much (‘pidote and bioiito. The groundmass shows much 
epidote forming a granular aggregate, alone, or in conjunction with 
quartz, chktrite, and ii’on-ore. The pebbl(‘s ain composed of 
quartz and some biotite. 

All tlie oecurrenceH of this peculiar conglomerate are in proxi- 
mity to sills of <*j)idiorite, one of them (44/168) apparently forming 
the marginal portion of a sill. The pebbles 
of jasper are uiwhmbtoflly sodiraontary and so 
are presiunably tlje ()uart,/ii.e pebbles also. The presence of felspar 
in the matrix may jjidicate au igneous origin or arkosio nature. 
From the characjters described above, three possibilities suggest 
themselves as to the origin of these rocks. The first is that they 
may be purely sedimontory, tlie chlorite, epidote, etc., having been 
formed during metamorphism. The second is that they may be 
volcanic^ ngglomcTates or conglomerates derived by the sedimenta- 
tion of tuffacooiis volcani(5 materials mixed with pebbles of formerly 
existing jasper and qujirtzite and other clastic material. The 
third is that a highly mobile basic magma might have thoroughly, 
penetrat'd a porous and ill -compacted conglomerate, the mixed 
material being later crushed and sheared. 

With a view to gaining a knowledge of the composition of these, 
the matrix of a i^ical specimen (44/164 from the stream bank 
near Thiatangax) was analysed, the result being shown in Table 8, 
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Table 8, — Atiolyitis of tlio waUix of chloritic, ooiujloiyivroh'. 


Annlyms. 


Norm. 


SiOg 






SO -40 

mo* 






0-81 

AlgOg 






12-20 

Pe^a 






3-6 1 
8-14 

MnO 

• 





0-lrt 

MgO 






4-2B 

CaO 

a 





2-38 

BcgO 






3-01 

1-43 

H,0+ 






3-40 

H%0~ 






0-14 







0-07 

M2 

s . 






0-00 

Pe . 


« 




0-04 





Total 

m 

100-37 

s. a. 

« 

■ 




2-83 


Quartz . 
CJnruiidnui 


2;M8 


4-lS 

OrlhcK-lcMo • 


. u-3r> 

Albito ^ . 


. 25-*)0 

Anorduti- 


4-17 

HypotHtlu-uo 


10 t2 

ILypnrsthouo (Mg) 


lO-Ol 

M.ignc-tlto 



Ilnwmitc 


l-t)7 

Apatito 


0-17 

Pyiito . 


O-UJ) 

Oolnio . 


2-05 

Water . 

Total 

3-50 

. 100-6.3 


Speoimen 44/lQi contaioH muoh somo oblurlie, uoiioittn mtu^nolibs rhonUin of 

aaibonato and raie folapar. Analyst. - '•P, Raoult. 

In coinparint? the* al)OV(i amvlysirt with Uiowi of wntu* (lypic’ii) 
igneous rooks, it is ovideiit that the silica pcrccntugo poiiiLs to an 
intermediato typo, ■whilo the relative proportions of the basos as 
well BA the mineral composition indioato u basic rocjlc. This is well 
brought out in a comparison of the ISfiggli valu<*R, as shown in the 
following table. 


Tabij: 8-A . — OompariBon of the oonghmmUe matrix with some 
igneous types, (Niggli values). 



QesteiiU!. twd MlaeraUProvinaen, p, 

B, Li$w[tprosoiiviaa£l»typa {tbH,, p. 183 ). 

q, S^fwhnaqwt Tab writaorland {t6id,, p. 188). 
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A (‘oinpariHon (if Uk' Niggli valuoK shows tliat tht^ro is a similarity 
in tin' proportions of the* cliiof bases, exoopt that the rook under 
description bt poorer in lime and richer in the ferro-niagiicsian con- 
stituents and in silica. It is also seen lhat it approaches the 
lamprophyre types rather than gahhro. 

The ehemieal criteria discusHod by Bastin ^ may also be used 
in an effort to decide about the parentage of the rock, whether 
igii(‘ouR or sedimentary. It shows high silica, an excess of soda 
over potash and of magnesia over lune. Alumina is only sbghtly 
in ('xcesfl of that necessary for balancing the alkalies and lime on 
an 1 ; 1 ratio. Tlie result, though inconclusive, rather favours an 
igneous origin. ft will thi*refore b(' reasonable to piesume that 
much of the matter const ituting the matrix is of igneous origin, 
and lhatp there has been some admixture with sedimemtary material, 
evidently during deposition. Th(‘re is howov<'i’ little doubt about 
the sediment ary nature of tin* pebbles embedded in tiiis matrix. 

Hil. H. liflsda, OlH'iuicfil com position iw a mt«rioa in nltntifyjuf? moianiorpLoiied 
Hmlimoutis. Jour. Gftnl,, XVII, pjj. 4113-172, (ItOO) ; XXI, pp. 103-201, (1013). 



OfLAPTEU XTl,- (IRANITK, ({NKfSH ANh AK,S<)< 'lATKD 

K<K!KH. 

Along t(Ko iLortliom Wordor of t.lii'' awi in fcmiul l.lu^ itLont 
sivo granito rogion of Hilmr. Thin Imiliolilhit* nuisti of Hio llauchi 
plateau sends out tongues into tlio BehiHl.s of the (lunupur l)ord('r, 
partly assimilatiog atul onveloping ilie latter. One huoIi lougue 
passes througli Talsaru and Humlargarh into tlie Mumlmlpm* <li.siriot, 
Another large mass lies in Bonaj eoutiuuouH with the e\p»)Hur«' b(‘ou 
at Bazonia, in tlio BoutU-(5ast coruor of nuip. 

The gneissic and non-gnoiBHio portu)nH are iuterniiugleil 1o noim» 
extent. In general it may ho said that in the uunginal porl.iotiH 
of the largo masses gnoissio struoture tends to l»o well dov(‘lo]>t‘d, 
There are also a few siioall, apparently isolateil, patelies of granites 
suxroundod by micja-soliiHts, hut these are imdoiihtodly minor olT’ 
shoots from the main mass. These minor bosses or stoelfs 01 * 0 , in 
general, coarser and richer in pegmatitie, roeU than the Jimss. 

It is evidently the close proximity of the granite's that is responsibhi 
for the ubiquitous preseuco of pegiuatitio and <piart/ ev<‘rywliore in 
tho area. 

The smaller masses of granite referred to above are Hitijate<l in 
the following areas : — 

1. Padampur (Ekma). 

2, Itma. 

8. Bhainslata. 

In addition to the gnoissio gianitos above referred to, which are 
probably aU purely igneous in origin, there are oomposito or injec- 
tion gneisses occupying oonsiderable areas, especially around Sundar- 
g|arh and to its west and south, Here the solusts havo boon, oxton- 
sively granitifled by tho very intimate penetration and spreading of 
granltio material into them. As a result, tho typo of rook pro- 
duoed is a hybrid between mica-schists and granite and contains 
a fair amount of felspars. 

Berides the above gneisses, there are a lew exposures of another 
type of gneiss near the Gangpux-Bonai border between longitudes 
84 “ and 84 ® 4 &'. This appears to have slightly different oharao- 
tem from Rat^ granite and gneiss. It is associated with 
epidKttitie, the contact between the two being very obscure and 

(UO) 
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covorocl by soil aud dobm. But tbo iudicatious aio that the 
gnoisfl is penetrated by epidiorite and hence is presumably older 
than the latter. 

The rocljs of this group, ospooially the pegmatites, aplites and 
non-gneissic granites, have spocifio gravities remarkably close to 
2-65, varying only between 2-60 and 2*70. The gneisses, inolndmg 
the composito gneisses, give values between 2'66 and 2*85, the 
average Cor ton spooimons being 2-73. 


Gratdte. 

The granite (as also the gneiss) imparts a fairly charaet eristic 
asj)ect to file topogi-aphy and scenery. It weatliors into ‘ tors ’ 

anil forms a somewhat rugged country with sparse vegetal ion of 

the mixed typo of iorost. Htreanu^ flowing through it have a wild 
aspect owing to tlie largi* rotuided boulders present in their bods 
and banlcs (.see Plato 3, flg. 1, showing the Sankh near Mararonm). 
The granite country toiwh to fonn a plateau, so that the lovid rises 
from 780 feet near HundargarJi (highly granitisod schists) to about 
1,050 feet near Talsara (graniiio and gneiss) and 1,300 feet to 1,(500 
fool in (Southern Hauolii (granite plateau). In the mam granite 
area, two diroctioiis of joints are fairly prominent. The more 

pronounci'il iliroction is M. N. K — W. S, W. and the other 

N. W.- S. E. 'the former, it will bo noted, is the general direction 
of the strike of tlio roclw of the region. The spooific gravity of 
granite, determined on several siiocimons, is a value differing very 
little from 2*(JD, while that of tho x)egmatitoB and aplito is around 
2-63. 

The typical granite is generally white or somotimos pale pink 
owing to the colour of the folsiiars. It is coarse in texture and 
contains quarto, orthoclubo, microoline, oligoclase, muscovite, and 
biotito. Occasionally either mn8covite(45/7J 3 : 228(54, 46/721 : 22872) 
or biotite (46/706 ; 22867) may bo ]>resont to tho exclusion of tho 
other mica, }>ut tho quantity is always qtiite subordinalo. Among 
the felspars, miorocline is very abundant, ospooially in tho peg- 
matitio rocks. Oligoclase is subordinate to the other two species 
of felspars, Mioro-pegmatito is occasionally seen (22867). 

Tourmalino is a very common, almost constant, constituent 
both of tho granitic and the pegnvatitio phases- At Maraioma 
a few exposures were notioed whore the tourmalino forms dendritic 
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aegrogation pattjiiea in gratutKi (l^lato .‘J, fig. ii). TJn> inincral ik 1>1io 
usual blaok variety, l)iiiinK groy and Hirnngly pli'txdiioio in thin 
Hootions. (Jamot appoara to bo a {n-inviry ooiiHtiliiont of tin' 
granite in sonio plaues (f 1/081, 45/721, 28/125, 28/111, oto.), for 
example in the Paclampur Ekina inasH, and noai‘ Tludiliaitungar 
(22° 30' : 84° 31'). Otlior original oouHtitnonts arc iiuiguo1/it<j 
and apatite. Bpidoto, wliich sooina to l)i) a product of low grade 
luetamorpliism, is also oooaaionaUy found (seo bolow). 

Qneissic granite. 

Tlio gneisses are particularly abundant in the nmighial portiojiH 
of the Banchi granite mass at and near its junction with the jnhsa- 
sohiflta. The granite thus grades into gJicisH. 'Ihc gnoibsi^H ajc 
prominently banded and stiroaky, this being brought about by 
alternate bands rich in quart?, and IelBi)ar on the one hand and 
in micas on the otlicr. Opushing of tJic porphyritic fcIsiMirs is 
also evident in some cases. The mhta tends 1,0 arrange iisidf 
parallel to the dirootion of banding or flr>w. 

A slightly gneiasic rock of gvanodioritic allinitics occ-urs one 
mile south of Bandega. A thin slhio of tlie rook (41/151)5:20800) 
shows much felspar, oomprising orthochiso and basic oUgo(!laH<i, 
with finely developed lamellar twiniiing, some <piart; 5 , a fair amount 
of biotite some of which is altered to pooninite, a littlo so(M)ndary 
epidote and grains of magnetite. Among the aceoBnory minerals 
are apatite, garnet, magnetite, ilmenite and sphono. The prosonce 
of garnet in non-gneissic granite and occasionally also in pegmatite 
shows that it ocouis as a primary magmatic m me m l. Tn the 
gneisses, however, it may be derived either from the granite op 
from the assimilated ox associated schistose pelitio constituents, 

Composite gneisses. 

In the area around Sundargarh, Bhasma and Sargipali and 
along the borders of the granite batholith and its tongues, there 
are composite gpieisses and migmatites produced by regional' grani- 
tisation* The ^necal foliation of iJie schists is in many eases 
preseoryed, fine Ut-pa/t4it injection being common. Plate 4, fig. 1, 
vdiich is a photo^ph of an exposure of mioa-sohists wi4 alter- 
looting gramte bands, in the Ib river at its juotion with the 

Bapai nm, shows this on a ooarse scale. Here the granite bands 



GRANITE, GNETSR AND ASSOCIATED ROOKS, 


113 


ftro ono io tliron fc'O'L thick. In Hovcral placoH ‘ auj^en.-^iUMHHo.s ’ 
have been [omul whore the ^ aii^cui ’ are iiHiially of coarye f<jlH})aT 
aad B(»uetiiu<‘,B of (|nartz. The pluty iniiKH'ais, biotite and num- 
eovito, in those rochs aro bej\t around tlioHC eyes. The large 
porphyroblasts are usually surrounded by finer granulated felspar 
and quarts, and are tlieinsolvos often shattered. Tho margins oC 
the porphyroblasts may also show gi'anophyj'io or mynuekiti(! 
])atchos. 

"Finely banded gueisHOS in which tho pelitic, and granitic ('on- 
stituents aro fairly distinct, and tliose in wliioli tlic bands m(‘rg(' 
into each other, are also very coiumon. R(UTystallisod ])rodu(!tB 
of assimilation are also observiid, in whicjli rujli siircaks and clota 
of mica afford ovid(!UC-o of the sedimentary oonstitueuts. Indeed, 
all gradations from mica Ht!hiKi.s on iJic one hand fio granite on 
the other can be H(e'u. Jii an exposure in the stream m^ar (lliant- 
bur, the ufTeet of assimilation ot iniea-schist by granite is well soon 
(Plate 4, fig- 2). TJm l)orderH of i.lu? jnica-schist are indistinct 
and drawn »)ut iui.o wisps, with the developiuont of much black 
tounmdiue and ocsjasioual garnet, the plaCrC of tlu^ bioiito in tho 
Hohist being t(ik<ui by tlu^so tw<> ruiiKjrnlH. 

Th(j miiuu'al assemblages in tliosts roc-ks oonsislis of (piarf/K, biotihs 
2 nus(Jov/te, felspar (oitliofdase, microclino and acid plagioelaso), aiid 
minor amounts of tourmaline, ihuL(snit<>, lou(*,ox(sno, Hisliono and 
apatito. 

At tho western en<J of tlio Kichinirjsahar (22“ 2' : 84° 40'), in 
tho hills north and north-east of Dumki, and in a fow other places, 
augon-gnoisHOH aro well developed. Tho oxposuroa aro all lenticular 
in alia}) 0 . and of various dhiionsions. In tiio hills two miles north 
of Pongdih (22° 0' : 84" 42') there aro (jrinkled inusoovito-Bohists 
and felspathic Hchists coutjuning btsad-liko strings of fclapars. 
Around Pamkura and otlsu' jdaces alojig the nuirgins of grunii.e, 
thinly bajuhwl injejjtion-gneisses aro (jommon. 

Epidolisod grnnitc* 

Epidotisation of granite is soon in a fow looalitios, and generally 
sporadioally. In tho river section oast of Biringatoli a fairly 
coarse pink and green rook is exposed, Similar ooourronoes have 
been noted near Bandoga, in tho stream east of Bahmanmara 
(near Tildoga), etc. Tho most striking ocourrenco is however that 
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of llio cruHli-zouo to Iho north anrl nortli-ilorth-cftHti nf Kuiuhakora 
■whoro a zozio 250 yards wido can he traced froin a jK>iiLt Tiortli' 
west of Kurabakora to north of Bliitbuna. Locally thirt l)ecoTaort 
an epidoflito. Tho epidotiflod Rranito (45/744. ; 22895) eontaniH 

quartz, ortlioclase, muoh mioroclino, oligoolasc, epidoto and horn- 
blonde, tho last mineral belnf^ muoh chloritised. In placoH, vjj,, 
near the western end of tho baud, tho rock shows ahundant epidoto 
and a little quartz (45/741 : 22890). Tlie O])idot<< Boinotim<w on- 
closes brown dusty ferruginous inclusions and streaks of tjarmino- 
coloured piedmontite. Occasionally lumps of puro epidote rook 
can also be picked up. 

This zone shows abundant signs of crushing, whudi is parti- 

cularly conspicuous near the eastern end, where the rook is brec- 
ciated and penetrated liy anastomosing veins of secondary (juartz. 
In fact, the rook looks megasoopicjally like a l>reooiat(ul quart- 
zite hut a thin section reveals its granitic (5ompositiou. The 

piedmontite is probably to be attributed to attacik and replace- 
ment by minoralising solutions. 

(? Older) Gneiss. 

Seveml small exposures of gneissic granit<» are foiitul in tho 
area to tho east, north and north-west of Jara (22° T : 84^' 39'). 
The largest of these is about tliroo miles east of Jai'a, occupying 
an area of two square miles. 

The typical rock (44/171) is medium grained, light pinkish 
grey in colour, and dotted over with dark minerals. A thin slice 
(22111) shows quartz, oithoolase, and oligooLase, the felspars being 
generally perthitic. Some biotite, muscovite and epidote, and a 
little magnetite and apatite are also found. The fine granulation 
in some parts testifies to the crushing which the rocks have under- 
gone. A specimen from the exposure near Chuliam (44/198 : 22136) 
shows also microoline and a fair amount of biotite, the latter form- 
ing dark wavy layers bending around the emgen of felspar. The 
rooks of this group are generally pink, and contain fair amounts 
of biotite. TournaJine is rare, which is in strong contrast with 
the Kanchi granite and gneiss where this mineral is almost a con- 
stant feature. Garnet is also rare, hut epidote seems to be present 
geiHBEsdly in small quantities. 

This g^ieiss k distinctly foliated and probably belongs to a 
ptsiod of intrusion earlier than that of the Banohi granite. The 
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mass around Dluingurpani seonis to bo j)oiiotrated by the epidiorite, 
Tliis li(t\vev('r is ratber obsfuu’O and cannot bo taken as settled. 


Chemical composition. 

Two spocimons ol gfaiiitic rocks were analysod in tke Goological 
Survey la})oratoryj tlio tosiilts being shown in Table 9. 


Table 9.- Avalyxes of gramtic rocks. 


— 

AnalyuPB. 

— 

Noun. 


1 

2 


1 

8 

B10| . 

72- 50 

76 27 

Quiirii! 

20 07 

18 (U 

TIO, . 

QUO 

0 It 

('(nniidniu . 

2 00 

0 03 

Al|0| ■ • 

16 40 

16-27 

OiUioclum' . 

iJ7 27 

22-82 

I'V.O, 

0-l(l 

u on 

Albiti* 

Sli-OO 

11-10 

Ki>(> . . 

0-70 

j-or. 

Allot Ihllo . . . 

2-7fe 

.i-so 

UuO , 

(l•()0 

0-0.1 

JlyiM-radiMU* (PcO.hlO,) 

J-.12 

8-24 

. 

tnici' 

0-01 

Mnftn(>U(*> . , 

0-23 

0-08 

CiiO . . 

(ISO 

0 00 

IIllU*lll(t> . . , 

0>16 

0-08 

linO . 

Mil 

U. (1. 

Apallln . . . 

0 64 

0-17 

f(niO 

3'(10 

l-flH 

Water .... 

0-70 

0-60 

ir,o . 

I'OO 

8*«i 

lliO« .... 

0-80 

*. 

K,0 1- 

0*70 

0-4(1 




■ p 

0*01 

U-04 

Toraz. 

100-34 

100*04 

f ^0| a « ■ 

0'82 

0-07 




COi . 

nil 

nU 


NlggU VAlacs. 


U'80 

M.a. 







BI « p » • 

4D7-2 

404-5 

s , . . 

nil 

n. (L 







ti - * * - 

0-40 

2-37 

«... 

nil 

Onl 







• p a » 

57-67 

66-62 




fm . . . . 

5-SU 

13-31 




C • « • p 

6-08 

6-07 




• p 

31*44 

26-17 




mg ... ■ 

0*00 

0-01 

Xovan 

100'27 

100-60 

o/fm .... 

1*07 

(h45 





0-EO 

0*60 

8. 0. (a&'A) 

2<M 

286 

(l/t p V a • 

281-4 

206-8 


1. Tounoallno-griuuto (411/718) from mar Sclkalia (22° 24' : 84’ 18' 
qunrtz, oithoclaap, imoroollnr, oIlgucloBe, aomo muacovJfe and touimallno. 

2. I’lDk gnelmo gtMdle (447171), one mile north ol Poimdlh (22’ U' 


80*) Hanolil dletclot ; contolni 
Analyot — P, 0, Hoy. 

84’ 48'). Banal Btato; con- 


tain* quails, iKoiMUo'fplapu.' ollRpdGiBe, eonm bioUte, mseoo)^ and epldute and a lew graliu of apatltv 
and magnetite. Aiia]yat*->F. 0. 
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01 tlio two ftiinlyHOS ^ivon al>«>vo. tliiit of tho iioui’nialiiK* j^niiiil'O 
(jorrowpouds oiosoly witU aplitio j*nv]iibo typ('s, Tlio f^ii(‘isrt Jiow- 
evor hIiowh a dorKiioiuiy of alkalioH in ootfipJvriHOJi wiiifi i>vaiiilo. 
This iis probably duo to tlio oflocjtH of usfliiniUtioii (d ar{^ill!i(’o<m.s 
raaLtor by this ^iioiss diiriiio intniHioii. 


Origin of the gneisses. 


Wo liftvo already soon that tho massrh of ^rauilo in 

Houthern Ranchi and Boruii, and their toniruus and (dfslKxd.s, aro 
uon-foliated. Those represont the mass iiijcetod ami iirysl/allised 
under quiescont conditions. Portions oi tJiis mass, lu>w(ivoi*, nwy 
show veins of aplitft, pegmatite and tpiart/, «ind tlio developiiKint 
of porphyxitic types. In the inacginaJ portions a distinct gnoissie 
banding is observed. The CoUabion in tlu^se is gcaun-ally jxiralUd 
to that of the adjacent sohists. In some plartjs there is also ihe 
developmout of the typo called ‘ augen gneiss Proceeding fnnn 
the granite into tho schists, ono observes ati appnxnabh^ enricdi- 
ment, in tho rocks, of the micas, juul parlicidarly biotitis tlicsc! 
being prominently displayed in stroaky layers, 

Tho gnoissio banding may have origiiuited in. Itwo ways. N(uir 
tho margin of the sehists it is probably tho rosiilt of flow o£ tlio 
magma, influenced by tho prosonoo of largo resistant nmssos of 
solid schists. In tho marginal portions of the scJiists themHolvoH, 
tho banding is due to the penetration of tho acid magituv, in, lit- 
par-lit fashion, along tho planes of foliation. At tho junction 
between these two types of rook, the efieots of igneous contact, 
assimLlation and reorystaUisation, are best seen, Further in, tho 
schists show a gradual decrease in tho amount of granitic material. 
This does not however apply to pegmatite and vein qaartz, which 
are prevalent everywhere in the area. Sinoe it is admitted fcliat 
these represent the residual and the most highly fluid portions of 
the magma, they should have been able to penetrate the foliated 
rookB with ease. At the same time, from their ubiquitous pre- 
sence, we may infer that the whole region is underlain, at a short 
dastanoe, by granite masses whMi gave rise to them. 

Around Sundargarh, and to its south and south-west, there is 
a large area which has been intensely granitised. Some of the 
phenomena described by Sederiiolm^ in the granitised rocks of 


^ J* J* SWacbolm, Chi wigmatlteci and associated Pte-Oamlwlan rodks of Soutli- 
WtMiatti ftwlMd. JBvU. Ctotnim. Chat. Finkmd^ No. 58, pp. 75 ef tegi, (10S8). 
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Finland can bo Aeon lioro. Hybrid and injection t-viwN <d 
occur in abundance, lAym oC PcliihtH. tcM»^nLt^l b) tbc pom* 
trating granite, have been dotacjhed and ]>artially aHHimilatod, Tho 
two types of rock often show incleiinite bonlcrB grmlually niorging 
into each, other, “Wisps of schist are often seen siirrounrlml by 
granite, and thoroughly reorystalliBod. 

Augen-gnoisHOb are seen in some plaoes. Tho wiiueralH form- 
ing the ‘eyes’ uHimlly felspar and <|uartz are ofDoi hceri it» 
have been htrujiu'd and H}iatt<jml. Around tiie ‘ aug<iu *, and 
obpecially along tlieir flatiened sidijs, are thin layers of gmnuL*t<'(I 
materials. Th<‘ gianuIatioTi, and Hliatt(‘Ting may be atlribuled to 
tho fact that tlui magma Jiiay liave (^TystalllHod out partially while 
it was still being injected, the more fluid portions being sfcraituul 
off. With tho arccbsion of iuur(‘ fhud nig|gina, tho granulated and 
shattered poitious would again bo cemented. 

ft is also clear tliat dynamic forees wore at worJf during the 
period of ititrnsion of tJie granite. If the tiuvsses ailoetod were 
still plastic, tliey would he easily hdded, whereas, if l.hoy wore 
solidified, they W(Mdd l)e shattered u'ul milled. Fvideuces of broo- 
ewtion ol th(' earlu'r solidified portions, with Hiil>so(|uont ciunonta- 
tion by peguiutitie and aplitic material, are also mot with, 

Th(< grauophyrii and myrmekitio structures found in those 
gneisses are ovidimcM's of changes during and after crystallisation. 
Tho parallel soauih and streaks of juiea and ocoasional bundles of 
silb’manito found in tluise arc, according to Harker,^ ovidonoos of 
hybridisation. Tho prosonoe of abundant felspar in the schists 
also points to tlio same conclusion. 


Aplite. 

The marginal portions of tho granite mass occasionally show 
hne-grained aplitic modifications. Those sometimes also occur as 
veins. 

A specimen (41/7XS) looking like a fine-grained white quartzite, 
was collected from a locality two furlongs oast of Tildega. Here 
it is found as a dyke-like mass marked by boulders arranged linearly. 
A thin slide (20827) shows the presence of quartz, orthoelase and 
albite-oHgoolase and a few little grains 'of garnet. 


^ A. Huker, Metaatiorptilaaii (London, 1682), p. 308. 
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A pIoxuH of veins of similar rock ocours one mil(* scmtli woat 
of Bandoga. This (41/697 : 20811) oxliibits ((uaii-z ami <loiuinant 
felspar, the latter ooiisisting o[ about cc^iial (piantibii'H of ortlio- 
olase and miorocllno. Occasional nosts of mica are also not-ieed. 

Bino oxamploH of veins of tourmalino-aplito are found in the 
granite near Keloldiandi and Sahamimara. A spoeiinen, from on(» 
of those (41/688 : 20802B) oontainH (puirbij and felspar and rai'e 
muscovite and apatite. Another from the same locality (11/08!)) 
shows quartz, tourmaline and muscovite. A few other examples 
axe also found in the granites of Southern l^anchi. 


Pegmatite. 

Whereas aplito is a comparativoly restrudod type, pegmatite is 
very widely distributed. It is seen in the granite arifas and Its 
marginal portions os well as in the mica-scdiistH in prac.ticwvlly every 
part of the area mapped. It is partiouJarJy aluuidant in atul 
around the small granite bosses and in the granilised aiuMW around 
Kinjirma and Sargipali and the Talsara-Hundargarh-lMuwma belt. 

The pegmatite veins consist ossontially of coarse masses of 
quartz and felspar. Much of the latter is miorop(»rtliitio i«i(iro- 
olino, while orthoclase is also fairly plentiful. Borne of the above 
areas contain enough coarse felspar to be worth prospooting for 
that mineral fox use in industry. 

In several places the pegmatite contains crystals of tourmaline. 
A particularly good ooourrenoe is that in the Bhainslata boss whore 
fine black tourmaline crystals are found in abundance, some mea- 
suring up to seven inehes long and one inch across. In other 
oases tourmaline crystals are found forming a network and rarely 
rather irregularly radiating groups. The pegmatite in some places 
also shows smell " hooks " of mica, up to two inches aoross ; but 
these were in all oases found to be too small in size and too unattrac- 
tive in q^uality to be of any economic iraportanoo. 

In the small knoll at tho PahantoU hamlet of Malsara, veins 
of pegmatite, apKte and quartz-veins of different ages are seen 
cutting aciosB one another iu gneissic granite. They all apparently 
to different times comprised iq the time-range of intrusion 
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of granito and iis dotivatives. Tho [ollowing sketch, showfi the 
roliiiionHliips of the different veins to each othei’. 



Fio. 4.— Sketcli plan of Rranibo-ppioiBH pon<‘tratod by lat<jr veinn of difft'ioDt agos ; 
n(Mii MalHira, llan< bi Dinliioi. 

The two ocourreuoeH of enrshed f^mnito or pofijnxatito, doseribod 
under fault-rooks (erush-brecoias) also belong hore, but havo boon 
involved in fanlf. movements and have therefore been eovorely 
crashed. 


Vein quartz. 

Voins of (jiurU are uutverhally present thioughoul llte area 
and are mostly to l)e attributed to the presence of ^^ranito, Homo- 
times they are inje('to<l as thin v<‘lri8 aloinr tiie foliation planes of 
the soliistH. Som<i attain large dimeiiBions ; in such oasns thoy liavo 
been shown on tlio nuvp, as for iiiatance near Bamra, Uamdapara, 
Sorda, Targa, Orga, etc. 

In some eases tlui veiu-(piaitj5 is asaoeuitod with tourmalmi}, 
which oocasionally forms a largo propoition of tlio roek (J17/900, 
38/32, ete.). Near Hurda, for iiwtanco, there are portions of the 
quartz vein or dyke in which tourmaline is more abundant than 
quartz. The tourmaline, when weathered, gives rise to a limo- 
nitie mass. The crystalls aro often more than half an inch thiok 
and show zones of difleront oolours around the vertical axis. 

Owing tf) movements after consolidation, the tourmalinc-quarti! 
rook has sometimes boeome markedly schistose, like the speoimen 
41/706 froin Talsara near Birmitrapar. 
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A pecidiar variety oi toiinnalinc ocoiiru in rt».s<i(M.ii-ion \vi(ih 
voin quartz in tlio foUowliift pla<! 0 « ; 

1. iPoot of hill nortli of Kadnlka (IVT. 098) 

2. Eastern foot of Idll, soiitli of Barihora (M. 1)80). 

3. Noar Kulagoja (M. 990). 

4. Near Jojodali (M 991), 

It is of intoroflt to iioi<* tliat. alJ those o<*(!iirj'on('<jH ms* cloH(i to 

epidiorite sills, The touunalino oc(5urs in inasst^H Ijn'akiiu; into 
acionlar splinterb, whioK are oflon boinowliat Ixoit and friKdiuro*!. 
Sometinvos the fraginonts ar<» mo conxpact as to })ti mistaken for a 
lydian stone or dark limoniito. 

Under iho microscopo the mineral is bottlo-^roen or f5r04‘niHh 
grey in colour, be<ioming very pale groon. or gnxy in tho position 
of the least absorption, Tlio bir(»fringonoe is to some extent masked 
by the body colour. 

The refractive indices found by tho immersion nu^tiiod aro : - 

e«l-617±‘002; to -=1 *042:1:: -002. 

Tlio mineral is unmxial negative. It readily rosponds to a 
chemical tost for boron. Tlusro is thoj-eforo little doubt that it is 
tourmaline. 



CllAl'TIOll XIII. THE fJONDWANAR. 


Early notlcea. 


Ball's work. 


Previous work. 

Th .0 oocurmnce of roclcH in t.ho Gangpiir State was 

known aw early an ISHd wlien Oolrmol llaiighton monfcionod tlie 
fac.t in n '|)a])i‘r i>iil>liBlied )>y the Asiatio Society 
of IleufiaP. ('a]>tain Saxton rofeiTed to a ?jaZa 
draining tlio ooal-lx’uring forinntioiiB and joining tlic It) river^. In 
liin paper ■f)ubliHli(‘<l in isni)'*, Hr. OJdliani ndei-H to Clolonot Saxton’s 
remarks ou the poor (pjality f»r tlie coal found in tlio Gangimr Rajali’s 
i.Rrritori«*H, .some TjO to (iO iniloH nortli-woHt of Sambaipur, 

T)r. V. Bull was tli(‘ lirsti to (‘.any out geological work in the 
area. In a j)a]ier publinluxl in 1871*’, lie doHcribos the Gondwonas 
lu'ur Kowira (KahiHura, li2° : 82° 40') and up 
the JiaiHundar and dliajia nahth-. Ho gives the 
meaHiiremento of Hcotioiiri nmt with lietwoen Tiltlijiara and Jhiip- 
rnngu, and ali the tumfliierute of the HtreanvH north of Gojjalpur. He 
mcaHiired three HeuniH of coal, <1' 7", 2' lb" and H" rGspeetivoly, in 
the Tiklipara-Jliupi’tniga nee.tion, tlie eoal from the first of thwHO 
giving 20*0 jior c.ejit. jwb. Ilia oliservationH on coal between 
Itattaimara and Gliogar|i»uli and between the latter and Bhogra- 
kaelihar are also given. 

In a later pap(‘r®, Dr. Bull hIiowh that the TnJoliire of this area 
fill uj) dopreHsionH in the nH‘t»ijnorphicfl «iul are overlapped by the 
Barakars and the irjipi'r or Ilingir BantlHlones of Kanithi (Kaniganj) 
age. 

He describes the (‘xposiircs near Kaiput (p. 106) and records 
the proaonce of a boulder-bed and shales in the Talehirs in the 
Godudia waZa near its juiietion with Ihe Baisiindiur. He gives the 
details of a section near Diilanga containing carbonaceous shales 
with intcTcalatiouH of e.oul, and mentions other places whore the 


^Jour. /foe. XXlII, v. JOP, (JSM). 

^Op. cit„ XX1\, p. m, <]fcW 5 «), ^ 

® T. Oldlmm, Prclimijiary notice on the coal and iron of Talehpor in the TriDO'* 
fury Mclialn of (Tultaivk. Jl/cm, Cfeo/. /fvrr. Jiid., 1, p. tl (footjioto), 

The lOiiuur and Xlenttii* (Qanptinir) (oal-tieW. Jicc, Geol. ffvro. Ittd., IV, pp. 101* 
107, (1871). 

f Tlie Haigarh and Hingir ooal-licJd, Op, eif., VTTT, pp. 102-12], (187d). 

( JW ) 
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Barakara occur in tlie ticighbourliood. A aamplc of coal from 
Bulanga nnfilyaod aa followH, according io liiin (p. 120) : - 

Pt r cont. 


Moiaturo ......... Ll'O 

Volatile matter 33 -fl 

Fixed eoxbou ........ 45-2 

Aflh 21-2 


The Hingir sandatonos, occurring on i-lic Garjaii hill near Oar- 
jonjor village (22° 2' : 83° 38') yielded Coaail ])lanU4 including Glo$- 
FossU lanlfl sopferis, Vaiebrnricff SrhLoj}nirn, Hphenoptem 

and Pecoptcris which were ideniitied by l)r. 
Feiatmantel os belonging to the Raniganj serieR. Tbiw is 
again referred to in Ball’s paper* on tho Geology of the Mahaiiadi 
basin. 

Ball’s woik soon led to a decision for economic, exploration of 
the field by bore-holes. Dr. King, who woh in ohttCg(i of thw work, 

, , has described the selecfeion of .sites and the 

progress ot tho work done in a serKJS of papers- 
published between 1884 and 1887. 

In 1886, three boio-holes were put down in this area, Nos. I, 
2, and 3 having been located respectively near GopalpaU (Gopal* 
Pf)- R'‘toi.8a«u »..,l Jk..lcib«lu.l, 

Lne second hole had to be abandoned an.eT 
some time as the chisel broke in tho hole and <'ould not Inj exi.rl- 
oated. Another hole, No. 2a, was eomimmced a short. diHt.nnce 
south of No. 2, hut it did not strike eoal befon* work wiis stopped 
at the close of the season. The resuUs of the l)or(‘,-hoh* survey 
are given below t — 

No, ]. 

Total depth 190 ft. 

Goal and carhonaooons shale (3 ft;.), at 51 ft, depth ; 

Coal and oarbonaceons sbale (7 ft.) nt 07 fL. depl.h ; 

Coal (6 ft.) at 70 ffc. depth ; 

Coal (25 ft.) at 164 ffc. depth, 

T ^ Zoology of Mahanadi Basin and its viainiiy. ()p. Hi., 

X., p* 1.1, tlSv7). 

solution of sites for borings in iho IWRarh-ITindr (Joal-Oold, 
pj), ed-, XvIC, pp. 128-180, (1884). ^ 

Sketoh of the procraasof geolc^oal work in tho Chatllagarli division of the Oontral 
Ptovtnow. C^. «i., pp. 189-200, (188fi). 

w OKhattisgarh ooal-flelds (first notloo). Op. oil., XTX, 

pp. ^0-234, (1886), especially pp. 216-219 and 233-284. 

^ Ohhattisgarh ooal-flolds (second notice). Op, cW,, 
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No. 2. 

Total (lopUi 103 ft. 

Coal (IC fi.) at 0 ft. (loptli ; 
Goal (0 fi.) at 120 ft. doptli ; 
Coal (0 ft.) at m ft. depth. 


No. 3. 


Total dopth 189 ft. 

Coal (20 ft.) at 11 ft. depth ; 
Coal (4 ft.) at 34 ft. depth ; 
Coal (10 ft.) ai, 83 ft. depth. 


The fo.d Haiu])l(‘,H from tlu* hore-holes were practically all of poor 
quality. Bui a f(‘\v namploH from outcropa near by qavo some- 
what ]>etter results. On the whole, however, 
(he area was very disappointing. Eight spcci- 
nieiis of coal from outoro|)s near Eattansara gave the following 
range of eoTiipoHition : — 


Results (llsappoliitlii!>. 


Moisture hetweeii 3*72 and 12*20 |)er rent. 

Volaiile matter l>etween 24*98 and 32*82 per cent. 

Wxed carbon l)elw(5eu 29*20 and 5()*()0 per ceni«. 

Ash b(‘tweeii 0T>2 and '12* 10 per cent. 

The average ash for the eight samples was 21*51 per cent. Tn 
iho last paper ciUsl abovt‘, Dr. King eoudemiied the field while 
noting i-he find, that- ouhTop samples in several eases gave better 
results iliau the bore-hole samples. 

No further pulilished information is available of ibis area. Tt 
is known, liowev(>r, lli.it the llingir Raitipiir Coni Co., Ltd., sunk 
some- prospecting pits near iSinrmal ami Diilnnga several years ago. 
Th(‘ fact that the explora(i<m wjw nol- continued by that firm may 
bo taken as showing t.hat tin* results were disappointing. 

A recent but brief resumf* of the information on this and the 
adjoining Hampur (lb river) eoaliield is given by Dr. C. fl. 
who has revived l,Ji« mime llingir (llimgir) coahieM for the strip 
of tlie Barakare extending from Jtajpur to Amatpani on the north- 
ern lim of tlic Kimgir basin. 


^ 0 . S. Fox, Tho Lower Gondwana coal-fielilfl of Indifl. Mem, Ocol. Flufo> 
LTX, vp. 100-175, (1934). 


^2 
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My work in this part of tho country wns nuunly concerned 
"Nvith the inappiofT of the boundary of tlie nietaiiiori)hic rockw with 
the ({oiulwanns. In tin* following account, 
PrcBentwork. -tKcn'fore, only such facts as cann* uiuler niy 

obRcrvation while enj^aged on that work arc given. For this tract 
of country, Dr. Ball gave the folUwing RiKiccHsion of rooks^ : — 

G. Later ito, 

5. Upper or Hingir sundHtone. 

A. Barnkar. 

3. Talchii. 

2. Vindhyana. 

1. ]VIetaTnorpliic.s. 

The Talohira occur hero in the easternmost }>nrt, in the neigh- 
bourhood of Rojpur, hut continue south into Sanihalpiir district, 
Tlieir thickness was estimated at. 250 ft. They 
are overlain hy Barakar sandstoneH wliu-h form 
a atrip of country on(» to three iuU(‘h in width, abutting on tho 
mebunorpliienS to the Tiorlh, These extend from near llajpiir on 
the Ib river to Amatpani on the bolder of the lUigarh Ktnt(‘. Over- 
lying these, and to their south, come the red samlstoiM's of Kamtlii 
age which occupy the greater part of thi* Ilinigiv zumimUiri, Tht' 
Mahadevas are supposed t«o overlie them in and around th(‘ town 
of lliingir. 


Dlslribtiilon. 


Talchif series. 

Sandstones and aronaceous shales of a pale greenish grey to 
buff colour occur around Kajpui in tlio vSambalpur district. They 
extend from the Ih river for a short distance to the west, up to 
Ranakata (21'’ 63' : 83® 64'). The sandstones (43/202) arc generally 
fij^te-grained and often felspathic and micaceous. They grade on 
thiB one hand into coarse sandstones and on tho otlier into argilla- 
osous fine-grained ones. The shales are pale green to greenish 
brown and in some exposure near Rajpur (specimen 43/203) are 
seen to be much jointed and to break up into icrcgular splinters 
and fragmonln. 

» 6^ SuTV. Jnd., Vm, Pt. 4, 102-I2Z, (1876), 
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Barakar series. 

Th(* Barnkar flandbtonea overlap the Talchirs to the west, near 
Ranakata. TIk'UCp their northern boundary (with, tlie metamor- 
phica) proceedH west-n' rth-westwards up to Diilanga (21® 67' : 83® 
48') and from there north-westwards up to Kainsara. From hero 
tlio boundary is very irregular but trends in a general northwest 
direction passing through Ainatpani into the Raigarh 8tato. til 
tills part it forms a well marked bay convex to tho south near 
(iopalpur, and sends two prominent ridges pro- 
lecting oastwarila from near Rajbahal. One of 
tli(*.s(* [iresenta a very steep and straight scarps 
about 300 ft. high, exfcc'uding for nearly two miles to the cost- 
south-east from Aiuatptuii, with a stream flowing at its base. 

In the northwest the Handstoiic.s contain layers of conglomeratOi 
They show gentle dips (10°-16®) towards tho/ south or south-south- 
wesl. Onrreut-hedding is fairly common. They 
Nolurc ol the tliiitn, generally of the nature of arkoso, heuig 

soft and felspathh’. But tho weathered surface is oompurativoly 
hard owing to tlin brown limoiiitic coating or crust that is usually 
fornu'd ther(‘ by tlie ferruginous tnaterial drawn up to tho surface 
by capillary uctioii. In th<* ooiirso of weathering, the variations 
in the intrinsic hardness of the layi'rs is brought out. The ultocna- 
uations of stift and hard layers plays a proiniuont part in th<‘ topo- 
graphy, the hard layers forming the nat-to[)pcd hills und^ the pro- 
iniiieut mouilxTs in tlu* scarps, Plak* 7, flg. 1, which Is a view 
of an eroded thin Liyer of sundstone near Auiatpani, shows in 
miniature tho nature of woutheriiig and sculpture in these rocks. 

Tho inotainorphi(*s to tho north of tho Gondwanas dip at high 
angles in dilfiTeut <lirections. A few soetions, in which tho junc- 
tion of these two formations is (dearly revealed, show the Barakars 
resting on the crystallines irregularly, with marked ourrent-bedding. 
Tho irregular nature of the boundary also shows that tho Barakars 
wore do|)osJtcd on an irregular basoment of denuded Arohaoau. 
rooks. 

Tho Barakar sandstonos vary from flne-grained to ooarso-grainod 
sandstonos and grits (43/J8i, 4.3/182). Coarse conglomerates axe 
particularly well oxemplified in tlie hill one mile coat of Rompia, 
whero several pobblc-beds occur at difforont 
SandBt^cs and con- Jjojbsons, varying in. thioknoss from a f(3w iaches 
*^^*^”* to several feet. Those beds ace, however, more 
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frequent in Iho l)asal portions tlian hiRher up. TIio rock lioro 
(43/186) contains pohMos of various hwoh whicli form more than tlina*-^ 
quarters of the volume of the rook. Tlio pel)I)]cn aro lutvslly oi 
white, translucent to opaque, quartz or quartzite, V(uy well rouiuled 
and ollipBoidal. Occasionally wc conic across a few wl jHHj)et 
pebbles^ derived from some earlier, prohalily Dharwariaii, rocks. 
At the present day, beds of banded jasper are found in the adjoiniiiR 
distirot of Singhbbum, which might probably have extciuhid ju'arcr 
towards this area in Qondwaua times, and contributed to tlie sedi- 
ments which fill ed up the shallow basins of tlu' Barakars. The 
individual sandstone bods range in thioknoss from 3 ft. to 20 ft. 
or more. They as woU as tho matrix of llie pcbblc-bcds, com- 
posed of felspathio sand and clay, are quite soft. Thin Hootioiis 
from some of tho sandstones show quartz, ortlioolnso, mi(*.Toolinc, 
muscovite, chlorite, semiangular grains of toumialino and rare 
grains of iron-ore. 

A few of the hand-speoimons collected in this area wiwo crushed 
and tho heavy iniiiorals sopsraU^d and examined. Hpecinu'u d3/J8l, 
from a spot oii(‘ mile to tlic noi'th-w(’st of 

Miners 8 prcficn , Amatt»aui, contained oidy 0*15 p(‘r cent, of 

heavy minerals in tho sperinien us('d, the rest l>(‘ing kaolin niul 
quartz-sand. Tho licavy residue from this was found to ho made 
tip of the following : — 

Per tioati 


MagneidCo eud tluioJiiio .30 

Ziroon 20 

BwUle 11 

Hombleado ......... 10 

Toarauliiie S 

0 

Aotinolito .......... 0 

Mona^te .......... 1 


A nttlo garnet aud etauroUto and other miaoralfi from the rost. 

In another gpeoimen (43/194) the heavy residue oonsistod of 
very abundant tourmaline with a little magnetite, ilmenite and 
rutile. In two other specimens (43/182 and 43/184) magnetite and 
ilmenite form about 50 per oent. and tourmahne 47 per cent, of 
the heavy residue, the rest being garnet, zircon, rutile, epHote 
fmd< ataUEolite. 
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Tilo above aHSomblnflfo flliows derivation from the tourmalinc- 
rioli mctanioTplik'H and asaociaied granitic intruaivos of tlio neigh- 
,, . » , bouring regions. Tlio abundant folapar muut 

have rioen derived from granitic rocks. Tiic 
presence of jaspei pebbles points to the original materials being 
partly contributed by jasper-bearing rocks like the Iron-oj'e series 
in Hinghbhuin or its fortmT exteiusions. Rven at the present day, 
th(‘ Xoel, and through it the BTahinani, show in their beds pebbles 
of this nature derived from rocks of the ^inghkhum district. It 
can, thcroforcs ]>e suggestt'd that the gneiases and granites orourring 
on both sides of the Gondwaiia strip, as well as the Dharwars occur- 
ring on the north-east and their original extensions, have contributed 
niucli, if not all, of tlui Hcdiinents which make up the Clondwanas. 


From iKMix Kattaiisaru houtli-c'astwarda the Barakars arc coni- 
poBocl of a suecc'ssion of handstones, shales and carboiiacuous shales 
Scttloii ill the Bal- iiilercnluied coal scams. Good sections 

bundar, uorfh of Oopal- are seen in the Baisnndar naUi, one mile north 
of Gopalpur. The jioition of the J^aisundat 
just above Gic junciroii with its iribulajEj shows wwidstones and 
shales lying uncamibrnuibly over the luctamorphics. The niica- 
BcJiisls here, wbieli ar(‘ jicnidrated by almiidant veins of tpiariz 
and pi’gmalite, dip towards ibe nortli or north-east at varying 
angles, th(‘ lowest valui' being 4tt‘'. The Hiu’akars lying above 
them dip to tlie south (varying lo H. 10” B.) at an angle of 7” to 
10”. The basal sandstones are niediuin- to coarse-grained, anti arc 
proliably about 100 lo 1510 ft. tlii(*k. These are overlain eou- 
formubly by earbomuji'oub sliules with intercalations of coal seams. 
Just at the bottom of the shales is an imporsistent hand of a few 
inelies thickiu’ss, which is of the nature of a 
finely baiidisl siUceotis shale (specimen 43/193 ; 
section 21377), which shows vejy minute folding and crumpling. 
Tlic coal- bearing shales are 4.6-50 ft. thick and roach down to the 
junction of the stieains. Tliorc are several layers of coal, each 
having a tliicknosa varying geneiiilly between 6 and 10 inches. 

Plato 7, fig. 2, shows a portion of this coal- 
bearing HOoUou in the Baisuudar. The coal 
scams are of unattractive quality (43/192), being generally com- 
posed of layers of duraiu and fusahi. A few thin layers of shining 
black vitrain, up to a maximum of one inch in thickness, are also 
seen. The seams arc somewhat bettor in the lower and upper 


Shale. 


Ceal. 
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portions anti very poor in tht' inidtllo portion. In ilu' upper ptirh 
of tho HGctioti ihore. is a very ronHjHtuious layer, nlxml. M) to 12 
indiefl tliick, t*oinpt)HP(l oi‘ ii inixlnre tjf vilrnin 
YHralti and ochre. powdery c‘herry-rt‘<l oelire (N. 187), ()<■- 

oasionally, tho groator pnrt of the tluckn''n,s of this layer nuiy eouniHt 
of almost pure o( 5 hro (N. ISd). Owirv^ to its oonHpieuouM colour, 
this particular layer oiui be easily traced from the above locality 
to a point due soutb of Tikliparti. Furlber parl-iculara al)out this 
and the coal are given, under the ecoi\omiu st'ctioii. 

Overlying tho coaly shales of this section an* saiidstotu's which 
can be traced southwarils. Other mitcrops td' oual l>e,iring shales 
are found at several points bctwi''‘u Haltaiisjira and Did.mg.i. 
Tho following is a list of those observeti by nu' : - 


1. Near llattansara and for some distauc-e tsistwards. 

2. Duo north of Oopalpur. 

3. Near Hardega m tliu Baisuiular and alstj in a small streiiiii 

joining it from tho north. 

4. At several points north and norlh-oast of Kiarmal. 

5. South of Kirpfl(‘ra. 

6. North of Bankibahal. 

7. South of Dulaiiga. 

I had no occasion to see the (‘xposiu'es at (Uutgarpali and Bhogra- 
kachhar described by Ball. A few thin seams, ouch 3 to 0 iiielu'S 
thick, were observed by nic in tho Barakar sanclatouos in a stream 
near Bandega (22® 10' : 83® 39'), 


Hingir sandstones. 

The Hingir sandstones of Kamtbi facies (Raniganj stfige) were 
observed in my traverse from Kanika (Himgix railway station) to 
Kirpsera. They dip to the west in the area between Kanika and 
Him^ and soutih-westwards between Ilimgir and Kirpsera. They 
ate 6uE chooolatB-brown in colour with occasional layers of creamy 
to^ pale red colours. They are generally coarse-grained and contain 
grit and conglomerate bands. The rooks consist essentially of 
quarta and limonitio cement. Flakes of mica and some grains of 
dark iron ore axe also present, 

Ball and Bing have shown that the Gondwanas form a basm* 
sUriuitsne, in the centre of which the town of jg 
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situated. BalU obtained the following plant fossils (determined by 
Fcistmantel) from tlm llmgir sanclstoncs in the Garjanjor hill 
(A 1956.-22“ 2' : 83“ 40') 

Schizonmra gondwanennis, (leaves and stalks). 

Vcrlehraria mdica, Hoyle, 

H'ph cTbopicn s polyniorplia. 

Pecoptmb sp. 

Olossoplniit indica, Schinip. 

0. hromiiana (?) Bgt. 

G. angmlifoUaj Hgt. (with marginal line). 

0. communia, and another species. 

From tliis asseuibl.igi* tli(‘ ago was fixeil as thi‘ H.iuiganj stage, 
the lithological elmr.icieis indicating a Kainthi bieies. 

TIk' HaiulsloiK' eonlains red ochreoiLM clay as a matrix, which 
is hOTiKdiiUi's HulFichuitly abundant in certain layers to be worth 
consideration as oeliie, for use as })aint. 

^ V. Ball. Ou ilio Geology oC tho Mohnnadi Dasia and its vioiaily. Jtco. Ctrol, 
aurv. Inti, X, lit, 4, p. 171, (1877), 
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CHAPTJ5R XIV.— MANUANlfiSE-OKM 

lu the fiiBt part of thia rriemoir a {tenoral deHuriptioii «>f tJio 
occurreiicaa of luauganiferoiia rockB liuw been given. Tlio inrornia* 
lion contained tliero will be eupplomontod hero with regard to tlie 
mining activity, the quarrieH, nature of the ores and other ctmnecicd 
matters. 

In 1908, the Geological Survey of India received u speeimem 
containing trapezohedral crystals of garnet and also braiinite (K. 454) 
through Dr. A. W. G. Blecck, from the Uhoriajor deposit. Alxmt 
the same time, a large specimen of manganeHc-oro from the sanm 
deposit was analysed by V. G. Spiera of it amthi, witli the following 
result*. 


Analysis oj ora d/ried at 200° 0. 


M(Ui|'Aaoao . 
Silicn. 

Ph-oapIioruB 


I’l'l ^•(>Ub. 

f>1-37 

I’M) 

0-07a 


Previous work. 


Mention of manganese ores in tlio State is made by Sic 
Fermor in his memoir®. The same author visited tho mining 
operations at Ghoriajor in 1908 and omlnjdied 
his observations in a paper entitled * Notes 
on the Monganose-oro Deposits of Gangpux State, Bengal, and 
on tho Distribution of the Gondito series in India’*, The late 
Mr. E. Vredenburg also visited tiie area in 1910, but there exists 
no published aecoTint of his observations. 


Description of ore occurrences. 

From the general description of the distribution of tho goiidito 
series, it -wiD. be gathered that the ore-boating areas are couluicd 
to those and form only a small portion of them. 


> bo be noted thM the state of affairs dosoribod in this pMt of tho momolL' refers 
to the year 1934 whan this was written. — M. S. K. 

■ Xu b. Pennoc, Afero. Gsoi. Bvrv. Ind., XXXVll, p. 610, (1000). 

• Jfam. GtO. BwM). Xnd., XXXVII, p. 616, (lOOO). 

Geot, Buro. Ind^ XLI, pp. 12-21, (1011), 

( 150 ) 
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Gobira. 

Ai Uobira thcK' ih a trench moabnriug 60 yards by 12 yards. 
Tliis is (d vuryiiif^ (l('])lh, llio nuiximimi lu'ing 20 ft. Apparently 
some desiiliory quarrying was (lon<‘ a little over a dcradc ago, 
the lallier inferior grade' granular to ])owdory ore finding a market 
at that time. Tliin veins of good hard ore (psilonielane with some 
brauniie) are also fonnel in eoinj)araiively small ([iiantitioB in quartz 
veins or ‘reefs’. Most of Hie oie seems to be pyrolusite with 
small amounts of psiloiw'lane. All stages of alteration of fapessar- 
tito to oro can be sei'u in the quarry. 


Ralafchmid {Jauhgu), 

About tliree miles W. by S. of Gobira, and bi'iween the 
villages of llatakbnnd an<l .laidega, are two pits wbieh luut yielch'd 
marketable ore. The larger of thesi' is 40x10 yards and about 
16 ft. dei'p, the length bi'ing in a N. N. W.- R. S. K. ilireetion. The 
second pit is J2() yards to the noitli of ilu' above, measuring 16 
fi.Xlf) rt.XlO ft. It is nothing more than a prospecting ]>it, ex- 
posing ore of poor (puility. TJie oro is similar to Lluit at Gobira 
and is seen to lu' iiregidarly distributed in streaks and lenst's through- 
out tlio width of tlu' (puirry. 


J^andriaila. 

The main oe<’urreuee Jliere is on a low hillock which adjoins Uio 
north-west <'ni bainhd. of Paiuliisila, Another liilloek at the easlcin 
cud of the above also (‘xposes similar rocks whioli arc much poorer 
in ore. 

In the main out/crop there ore three long trenches in the goiulite, 
wliich have, however, only slightly penetrated the solid rock. 
The depth is between 10 and 16 foot from the surface of the 
hillside. Most of the ore won here seems to have been won 
from the disintegrated veins. There is apparimtly no ore of markot- 
ahlo quality in tho cuateni hill. 

From the available ovidoneo at present it can bo said that the 
ore woe of somewhat bHler cumlity than that from tho more eastern 
quarries. That is to say, it sliows a gT(‘ator proportion of psilo- 
inelano anti less of crumbhng and powdery pyrolusite. Some veins 
of comparatively hard psilomolane and brauiutc scorn also to be 
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present, out of which, some ore of good quality hns been quarried. 
Specimens M. 997 and N. 20 were collected from tlu' trenches here. 

Panehra and KoJiapanL 

A little to the south of Kohupaiii village (22” 18' 30* : 8d” 27') 
there is a series of ftvo medium-sized pitvS in the gondites winch 
occupy here an approximate width of 150 ft., and which seem to 
have yielded second grade ore, judging from tlio few Hiiiall ore 
stacks left near the pits. Further west, along the same strike, 
are several small pits and trenches near Jlaidihi, JhiiqMini, and 
Panehra. From aU of these a small tonnage of ore lias b(‘en re- 
covered, aU apparently of second grade. These ores «rc mainly 
psilomelane and pyroluaite, with occasionally a little biauiiite. 
The shallowness of the pita and their large number would point 
to poor concontration of the ore along this band. 

South-west of Kuaamdega some small prospecting juts were 
noticed but apparently no marketable ore bos been recovered from 
here. 

Dandgamira, 

A UtUo further to the south-west and about one mile duo north 
of Dandjamira (and a quarter of a mile north-west of the northoru 
homlot of the same village), a quarry of somo size is seen wliicli in 
200 ft. long, 60 to 60 ft. wide and up to 25 ft. deep. The site 
seems to have originally formed a small knoU. The ore won here 
was of better quality than that of the other quarries detailed above 
and consists of braunite and psilomelane* with a little pyroluaite. 
The ore hands, so fat as could be seen, were comparatively thin, 
but the dimensions of the quarry show that they wore sufficiently 
ridi to warrant continuous operations for some time in a single 
quarry. 

There is a continuous band of gondite from Dhumagorha through 
Khodcamunda to Raidih. There is a largo but shallow quarry 
adjoining Bhmnagatha village measuring 100 ft.xdO ft.x6 fk, 
the ore won from which shows braunite, psilomelane and wad, 
and is generally of a low grade. Between this and Khaikamunda 
austo axe several small pits, only three or four of which seem to 
have yielded any marketable ore. Just west of TChttphaTviim^A 
again is a hoga qmxxy 200 ft. Icmg, 30 ft. wide oud up to 25 it. 
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deep. From licro "to -(lie HouLli-wost are soveral atnall prospecting;; 
pits 11 ]) to tlu‘ villnj;e of Raldih. 

fn tliis lanul ilie Lc'sii ore-bearing portion was apparently near 
Kliarkumumla, as tlie on‘ from tlie <|uarry tlicro wart partly of 
cx<‘(‘ll(‘nt (|iiiility, eompoKoil of braunito and psiloinclane. 

lOiorla. 

Tlie expoHiircH near Kliorla do not Boem to have yielded any 
good ore. A f(‘W .shallow proHpeeiing pil.s exiHi., The eonoen- 
irnlion of (»re ifi poor nml the ore ifsfdf is (d inferior quality, 
containing a high p<‘reentage of uTwiltered Hili(iul(‘B. In addition 
In powdery and inqiure wad, Hinnll (jnnntities f»f pHiloinelane, brannile 
and vredenbiirgii<‘ w(‘n‘ notiecsl here. 

It Jin.s been nieidione<l ihni I he Monih-we«tern exposure is sur- 
Toundisl l)y eoarse granite. Tin* gi-anil(' se^uns to have had no 
elVect on tlie on*. 

mii 

There are a nuinher <if sinall oulcro])H in the neighbourhood 

of Naldi (22" 7' : H'l" 13'), (Ihanlbur and Lahandaluir. All tbese 

have beim (litited ami ^oTne good ore has bi’en reoovenal. The 
veins are <'omparatively thinner and less persisU'nt hero tlian those 
furlJier south-west in (llioriujor, but are bettiT than most of the 
ocoumniees furtlier to the north-east. The largest of the pita 
arc near Mald-i and from these good ore of the first gnulo is said 
to have been quarried. None of the pits or treneJu'S exceiuls 

20 ft. in depth, the average being 10-12 ft. 

Qhonajor -Mmumumla growp, 

ThiR forms the. sou1.}i-weHt<‘nuuo.st group of the outoreps of the 
Wtate, and are by far tlie most imporlnnl. in extent and riohnesB. 
Ghoriajor is iilicnit seven miles from the Dhuruadihi station on tlie 
Bengal Nagjmr Railway and conneeteil with it by a cart-road, 
whicli proceeds to Hundargarh which is some olcvim mih's further 
on. Recently (in 1932) a new motor-road has been oiiencd which 
goes straight west from Ghoriajor and joins the Sundaxgarh- 
Jharsiiguda road m'ar Kurai, some thi*ee miles south of Sundar- 
gailn 

The mangaiufcroua rocks were originally exposed here in hillocks 
yhich have since mostly disappeared through quarrying operations, 
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The quarrios fall into two (livisions, ono grouped around IVtano- 
TYiuncla (Ou‘ rCmnti mimda or Rirbiin (ju.xnioq of Hir Lc'wis K(‘rnun) 
and thr other aionnd Uiioriajor. 

Tho Manomunda group is noaily due wohI of tlio Kuini.iniund.i 
village. Thore aro about flix large (piarrie'x hoie and H(‘V(um 1 Hundlor 
ones, all of them ai present being full of watcu. The largei (|iiariiei 
have received tho following nauicfl 

Loharga/rha {Mohalgarha). 

Tetulgarha, 

Baladga/rha. 

Kusumgarha. 

The general dispobition of the different quarries is shown in 
the following diagrammatic sketch made by Mr. J). I\ (Mi.nidohe, 
while ho was working with me in this area in I he year 


A* 
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Tlio Mohalffctrlia (or LoJiargarlia) is tlip northernmost of the 
{Ti'oiip, ('xcept for some small prospecting pits lying to its north-east, 
^t the time of Sir Lewis Ferraor’s visit in 1908 a considerable 
nmo\int of (‘xruvation had been done here. It is now a large pit 
roughly triangular in plan, the two sides which form a right 
angle being 150 ft. and 260 ft. respectively. 

The depth increases from nothing on the woatcj-n side to about 
26 ft. near Ihe oastopii. Tliere is a trench within this, parallel 
and close lo the eastern side, and this is some 16 ft. deeper than 
the gen(‘rHl level of the adjoining portion of the quarry. From 
information gathered from the miners and for(‘mcn who were former- 
ly working here', it appears that in the trench itself and in its 
immediate neighbourhood, tliere aie fairly persistimt and rich veins 
of manganese-ore in gondife, oni' of the veins being as much as 

four feet thick. At the time' ()f abandoning the quarry, by the New 

Gangpur Syndieaie hi J927, I ho veins in the trench were yielding 
excellent ore. At l.he northern end of the Molialgarlia is a small pit 
which is about 26-30 ft. below ihe ground-level around. This shows 
highly fohled <juaitsit(‘H, gondiie and wdiists. {see Plat<‘, 8, fig. 2.) 

In the somewhat high ground to the north-east of the same 
(juarry, souie ])ils were i)ut down in gondik' by the Orient Mining 
Syntli(‘ute in 1920, n'vealing tliin imporsisteiit veins of ore. As 

th(‘ iiidicat.ions of ore were not promising, further exploration was 
not proceeded with, 

TluJ TehilgurhU) situated about 300 ft. esist of the southern 

edge of the Mohalgarha, is a quarry measuring 260 ft. hy 100 ft,, 
with n nuixinium depth of some 36 ft. This seomH to maik the 
site of the liillock inoutioned hy Bir Jjewis fcV.rmor as being 300 
ynrds K, by B. of the main working, wherein gondik^ bands eon- 
taiiiing ore were being opened up in 1908. 

The relative positions of the Baladgwlia and Kvmmgarlia and 
their dimensions are given in the skt'tcli. Tliey arc on an overage 
26-30 ft. in depth. Towards the close of the mining operations 
here, the New Gangpur Mining Byndieakj seem to have loft the 
eontraotors to win the ore to tho best of their ability, the result 
being that veuis have been followed down in a series of inogular 
burrowings into tho rock. 

Six or seven smallor pits are present neat the village of Mono- 
munda and adjoining the path oonnoeting it and Kumtimunda. 
^pie of them still expose veins between 6 inches and 18 inches 
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thick. They also are coiuparativoly fiJiallow. In the nivn iidcr- 
veiling between tlio last mentioned (|unrrie^ and the Hhratjvr Hill 
quarry near Ghoriajor, i,here are Himill jirospeering pUs in jill Ihe 
gonditc exposures and along their gein-ml strike, but no oie-viMUS 
of any importanco have boon found. 


Ghoriajor groiip. 

The moat prominent of this grouji are two quarric'S whieh lie 
end-on, along the atriko of the rocks, just to the south of tlie I'ail- 
road. The bigger, north-eastern one is cnlletl th<‘ liamjarhtt and 
the flmallcr, aonth-weatern one the ffowvigarha. The tiWfi art' se]m- 
rated by a transverHo wall of some 25 ft. thiekn(*ss. Th<‘ Jiamfjnrha 
is nearly 120 yards X 100 yards and the f^emdgarha 101) yards ; 70 
yards. Both are filled with water. Tli<‘ depth of tlie Ikimjarhn^ 
is said to be nearly 150 ft, below the level of tlie Hiinounding ground 
and that of its companion only about 70-80 ft. The cm Is of the 
quarries which are across the strike direetion ami also tin* south- 
east side arc steep and lienee (liflieult of lu-cess, mid nut avnilabh* 
for eloa(‘ (‘xamination. The north-west, side cxpoHcs |»h)'llitcH with 
occasional qiinrtj! nnd |)egmat,it,e veins. 

Sir Lewis Termor® has recorded that thi'se main workings origi- 
nally formed a hill 70-80 ft. above the surrouniling cinuitry, tin* 
length of exposure of ore being some 720 ft. ou this Jiilloe.k, Tlie 
hill was highest noax the north-eastern end, gradually diminishing 
in height towards the south-west. Tlie ore hand was 10-20 ft. 
thick at its maximum, but owing to the inoToase of the thioknoss 
by folding it appeared in places to be 60 ft. or more in thickness, 
(idea figure 2.) 

The dip of the beds, with which the ore hands are conformable, 
is about 40“ near the surface. It is learnt however that at di'pth 
the ore showed steeper dips. A stage was reached when, for the 
oonrinuanoe ol working, underground mining methods Bhou]<l have 
been undertaken. Since, with the falling price of the ore and the 
necessity for the introduction of underground mining, the 


obt^ing firat-htod information on tbu nolnt 
yc. R. MgUon, w^o was formerly the Supeiintondwit of the Ghoriajor j^ea 
floor of the largo quarry at Ghoriajor imched a depth of 145 

• jfec, XIJ, 16, (1911). 
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proBpcc'ts of pconomio ('xploilatioti w*oiiiecl poor, the Syiidicale 
decided in I92C to cl0i5(i down the yiiarriee and surrender the lease 
to the State. 


Prichard\H Bill. 

Soino 360 yards to the west of tlie above quarries is the Prichard 
Hill quarry. This is fd)out 350 ft. lon{^ in an E.N.E.-W.S. W. 
diKM'iion, 00 It. wi<le and 30 ft. d(‘<*p. On tin* northern face of the 
quarry are (‘Xi>oHed };ondite and i hodonile-S])OHHartii e-quartz rooks. 
The ore-b<‘iirin^? portion ol the gondHe is said to Jmve been about 
30 ft. thu'k, ih(‘ ore bands behi}!; as usual a series of lenses. This 
was also originally a hillock, as the name will show, but is now 
below the ^tmeral j^round l(‘vel. »Sii‘ Lewis Eermou bas Tecord(‘d 
four workiuf^B within the limits of the Keudmal village, three of 
these being in low ridges W(*h1. of the south-western end of the GLo- 
rinjor Jiill. Tiies<‘ i/Og(‘lh(T to be the Prichard ITill quarry. 

The fourth was about 1,100 fi. to the south-west of the Ghoriajor 
hill, being apparejitly an extension of ii*. 

Ther(‘ are several pits and treuehes betwi‘on Amasdegi, Ghoriajor 
and nirjuberiui, /.e., H<iulh-weH<. of the qutirrios described above. 
They are of various diuiensiouH but the dei)tli is in general betwe(*u 
JO and 20 fe(‘t. The northernmost of these is 80 ft. by 70 ft. and 
20 ft. de(‘p. ^’lK• or(‘-b(Kli<‘H found in thcH(> are of dilTereut thioknesws 
and itnpersisteni, ami non(‘ seems to have exceeded two feet in 
thickness. 

The southei'iiinost of the quai*ries is about three-fourths of a 
mile south-west of Uirjabevna and two miles north of Kinjirma, 
It is a shallow quarry, being 100 ft. by 80 ft., with a maximum 
depth of 15 ft. Tlie supeifioial material is lateritoid. The gondito 
exposed in tlie (piarry is a highly ciuortzose rock containing a few 
thin bands (oiu* to three inelu‘H thiek) of rich ore, the general oio- 
material being of poor (piulity. 

SUrngcr IliM. 

Another important member of this group is the one called the 
Shrag&t BUI quarry, This is described by Sir Lewis Eermor as 
the Ghoriajor north-east workings, situated on a low lidgo^ about 
2,000 ft, ix) the north-east of the eastern end of the Ghoriajor hill. 
The oijgitial knoU here exposed four main ore ‘ reefs ’ which were 

L 
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followed down, the lowest one boiiifi; SO incliew, mid the upper ones 
butween C and 18 inches, in iliickness. Tliis Icnoll w/ih I)}” wde 

of ii fll/rcnm course, and was quarried only to a di'pth of .dauii H to 
10 It. below the level of the adjoining; rice-fii'lds. The on' bands 
proved to bo thin and impoTsistont and tlieri* was no iiujiroveinent 
below. Moreover, owing to the proximity of the stream cour.si*, 
there was much ininish of water even at the shallow depth, and 
work was therefore not continued in this qn.irry by the Noav (lanmmr 
Mining Syndicate, Wlion abandoned by them 1<h(‘ quarry was 
150 ft. X GO ft. (length in a N.E.-S.W. direetion) and sonu* 10 ft. 
deep, one face of the quarry being high ground. 

The Orient Mining Syndicate enlarged this quarry botli along 
the directions of dip and rise during the years 10^0-1932. When 
the water was pumped out and the accumulated silt r(‘niov<-<I, 
several veins wore exposed and those were work(‘d in a stiiall wav 
for about two years till 1932; but the markt‘l, prices provi^d to be 
so nnremunerative that work wiis suspended. A sketch plan ol 
the quarry, drawu by Mr. D, P. Ohandoke in 1931, is shown bidow. 



The centre of the quarry attained, in the summer of 1931, a 
maximum depth of 3540 ft, below the northern brow. The soatharii 
bitow waa about 20 ft. below the level of the northern. The thiok- 
nea& of veim varied from one inch to as much as 30 inches in 
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one caso. Most of tlio veins show vatiation in thicknesB botli along 
strike and dip. 

The Orienb Mining Syndicate' began working the Shrag&r mil 
quarry late in 1029. Practically no ore was won in that year. 
As the quarry wtia doeponed, some of the veins wbich originally 
cropped out in the quarry (iis<q>peaTed, hnt this was compensated 
for by new ones wliicli nppeared below. The northern side of the 
quarry was also opf'ned up somi'wlisd/, .siius* veins were encountered 
in that direction when broadening 1he <ju.jrrv. A good deal of 
water percolated in at all limes, hut tin' intermittent working of 
a H. P. oil-engine wtus able to pump out the water. The quarry 
was worked only from 1929 to 1932, at a V(‘ry small margin of 
profit, and in the latt(*r year tlie ruling juices proved unremunera- 
tivc even with the most economical working. All the work —removal 
of over-bnrdon, breaking uj) of tlu' ground, picking and dressing 
of ore -was done l)y exeejdionally clu'ap labour which cost only 
A to Ci annas jut man and 2 to 1 annas per woman per working 
<lay. 


Latcritoid ore. 

To the north-wosl. of the (dioriiijor quarries, between them and 
the village of Kendrnal, as w<dl as near AnniHd(’gi, are areas showing 
a superficial lateritoid material. To tin' ca.st of Kendrnal villago, 
on both sides of the new motor-road, tliero is an area of about 600 
yards by 250 yards which is houcy-combed by shallow pits. Here 
as well as neat Birjabcrna and Amasdc'gi, the surface shows lateritoid 
gravel which, when broken up, hjis yielded some quantity of lateri- 
toid ore consisting essentially of limonite, psilomelane, pyrolusite 
and wad. The pits nowhere exceed 10 or 12 feet in dopbli, and 
from all accounts, were not worth dei'peuing even in the most 
prosperous days of the manganese market. The lateritoid ore 
passes into latoritio gravel and vermicular laterito on the one hand 
and partly altered gondite on tlio other. 

The oro occurs os nodules and pockets in the lateritoid rock 
from which it used to be dug up and hand-sorted. The distribution 
is very irregular and the deposit as a whole is of little economic 
value. 
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Nature and quality of the ore. 

By fai the largoat pari oE llie ctn* won and Hhn)ptMl iioin (Uingpnr 
State coiihial<‘(l of hi'inmite and pHihmndsuu^, inuiidy derived from 
tUo GKoriajor-Manomiiiida group. In ilie cavil h'n of tin* on* a 
small amount of powdery pyroluBite ih often pr(‘Hciit. The oren from 
the other quarries seem to Have been of lower grade, conHistiiig of 
crumbling maBsea containing wad, psilomcluiic, fiyroluHilc and Home 
braunitc, Aa will bo seen fioiu the I able of piodiujtion, lli<* IcHSor 
quarries produced only a aumll tonnage in eompuiiHon with the 
Ghoriajor-Maiiomnmla quamea. Small qii.uiitiiii'H of oie .ire to be 
seen now in tlio stacks at tho diflerent quarries and they givt* an 
idea of their nature, In addition to the minerals noted above, 
a little viedenburgito, hoUandite and nianganite liavi* also been 
noticed in the ore. Mangon-magnetitc was susp(*et.ed to be pr(*w‘nt 
by Sir Lewis Eermor, but I have nob been able to hlentify the mineral 
definitely in the ores hero. The last named minorals are ipiantita- 
tively of no importance whatever, being no mori* than mere eurio- 
sities. 

In his paper on the Ghoriajor depositH, Sir Lewis Eermot has 
given some analyses^ of the ores which are reproduced below : 


Table 10.— /land-s^eoimens of Ghoriajor area amVyaed Mesm* 

Pattison cmd ISleadr 



X. Banded* slaty, Itiofd traimite-psflomdano ore, very fino.graiaod. 

2. Rather oofinte-neioed, hard hratmite-psiloxaelaae oxe. 

8, Banded hranidte-wilomelfti^ ore with the pailoiaelane nredbmijMait, and a 
luttg© n«ttifbet 'blahk upeekB anaWng the ore aoanewhat veaiotaftr. 

ii. atyflteinnfl ore, with some of the hard grey bratmite.psUoiaelaae ore in 

uiifi ityni.nlo* 

A C(MiB<Stbie>bMnded pdl om eJatie (lead-like), with eoft black oie. 


t li^jLEejiabr, Jt«a, Gw?, Swv. Ini,, p, 14 ^ (1911), 
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Table 11. — Samples of flhormjor and Birhira (Manosnunda) ores, 
analy'ifd by G. M. Prichard. 


— 

1 

2 

3 

1 

4 

6 


I’or ront. 

Per cent. 

Per rent 

Per cent. 

Per cent. 

Manganoso 

Bl-81 

49-44 

50-03 

50-80 

45-34 

Iron .... 

a«3K 

.. 

. • 


. . 

Bihra .... 

.'1-52 

10-05 

.. 


H-75 

Phosphoitu) 

O-OO 

0-008 

O-Otl 

0-057 

0-078 


1. 200 tons of Ohotaajor oio. 

2 Tn tom ol nr<» Mniiomunda qiiaiiiOH. 

H Ramo uh I^o, 2, if(or inokinq at tlio Atatioii. 

i. Ahoiit tons of Hinolo'd ‘ bonldoi * oio (nodular Hil])orRpial oro). 

0. (Siv KlHcks of iK'd-oift (fioia vanns or icoffl), Houth of Mo. 1 hill. 


The f(»llr»winf? ran^;e of iniulyfleH of 1)3 cargoca, aggregating to 
30,IY0 loiiH, Hhipped from ilie area in 1000 in also given hy Sir Lewis 
IiVritior. 


TabijM 12. — fianye and mean of amlyses of 08 emgoes of munyanese 
ore from the Ghoriojor area. 


— 

Rungo. 

Moan. 

MaiigoiUBC 

Per cent. 

46-58 to 54-13 

Per oont. 

40-31 

Tten (54 anal.) ....... 

2*60 to 7*02 

6*60 

SlUca 

2*60 to 11*20 

4*41 

PhoiphoruB (01 anal.) ...... 

0*06110 0-150 

0^117 


The following analyses of ore from Shiager hill and from a pit 
in Ghanthur wore kindly supplied to me by Dr, M, Patel of the 
Orient Mining Syndicate. 












142 OEOLOGY OF (UNGinTU STATIC, TCAKTICUN HTATKS. 


Tatilf. 13. — Analffycs of ore from H/imijrr UHU Mohulf / urha ^ ami 
Ghmthnr qnarrips , mmhjml hj Mnsra . A*. V . firij/qx d* (' o . 


— 

1 

1 »d 

:t 

1 

5 

5 

7 


\’pt (Ptit. 

IV V m\t . 

I*Pt <i'U(. 

I’pj ppnt 

I’i'l 

I'pr i‘i 111 . 

I'pi pnit. 

Mn . . . 

4H 1 

50-3 

IS 3 

IS S 

18 7 

10 0 

(0 5 

Po . , . 

5-40 

iil'l 

75 

1155 

5 1)5 

S 38 

8 3 

SIO, . 

U>-48 

4-15 

5 51 

Ml 

5 70 

5 70 

5 83 

P ... 

0 0‘<l 

0 13(1 

U (IDS 

0 101 

0 ItlS 

0 085 

0 085 


1 . 

*j. 

3. 

4. 
G. 
0 . 
7. 


Moliolftarho — <uimplp Irum an nip atupk Apl. 10.^0, 
Qhantbur — ore Imm a now pit ; Apl. loao. 
Bhroffot ItHl— Dulk aamplo, ilO touH ; Apl. lOftl. 

I, „ „ „ 37C tona ; Apl. 1031. 

„ „ ,f „ not) tona; Mo^. 1030. 

>, M u „ 450 tons : 4i»i. loui. 

), „ „ ,1 540 tona; Juno 1031. 


Comparison of tables 10 and 13 sIiowb that tlio ores from Shrll^^e^ 
Hill are poorer in mangoncso and richer in iron and Hilicii ilian (lie 
general run of ore from the Glioriajor quarries liut are eompiu'abh* 
to the Manonmnda, (Birhira) ort's. H shoultl, however, h(‘ polnleti 
out that the Humjiles in Table 10 wt're picked Imiid'Specinu'ns, 
which may he ejjjieiitc'd to have been purer tJian bulk winipleH. 

In the following table are given the range and mean valut's of 
analyses, as given by Hir Jn-wis Fermor^, of Indian ores Hlupptal 
to England in the early years of tho jireBe^t century. This inuy 
bo compared with Tabic 12. For further particAilars Hir Lt^wis 
Fonnor’s memoir (pp. D01-5H and 517-521) may bo eonsulted. 


Table 14. — Amlysea of Indian manganese ores. 


— 

Contml Frovincus and 
poBBibly Jbabua and Panoh 
Llabals. 

Vizagapatam. 


1 Bange. 

Moan. 

Kango. 

Moan. 

HQ . 4 4 1 

47'26 —64-68 

61-31 

42-13 - -47-68 

46-96 

Fe ... 

8-86 — 7-98 

6-58 

9*14 -11-69 

10-20 

SiO, 

8»38 — 9-99 

6-13 

2-68 — 8-66 

3-10 

P , . 4 . 

0-066— 0-168 

0-096 

0-236— 0-831 

0-291 

lloialiaie 

0-21 — 2-64 

0-71 

0*64 — 0«&6 

1 

0-70 


^ Mm, Qeol. Sun. Ind., XXXVU, p. 619, (1^9). 
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1 liavo hooii lumMo to any analysoa of oroa from tlip 

qunrrioa in otlioi* pari a of Gnnfjr}>iir, bnt they are floubtlcaa of a, 
lowTr frrsulo tliiiii tlio oroa from the Ghoriajor group of quarries. 

/Minifoid ore. 

Thifi type, of! on ciillorl M)OulfleT oro ’ here, as already remarked, 
is of u frinhlo nature and of a poorer quality than the massive bedded 
or ‘ n‘<*f ’ ore. It <i<*nii'S in the fom of small ‘ bouldors nodules 
OP lumps in lateritie niatcriiil. The rang(* of analyspH of some ores 
wliieli wore collrctod from the Kendnial area, kindly supplied by 
Dr. M. Patel, is given in the following table, together Tvdth values 
for similar ores from other areas taken from Wir Li'wis Fennor’s 
memoir (p. .‘580). 


Taulk 15 . — Jiavffc of analyses of lateritoid tnaftf/wiipse orefi. 





1 siitnuiKn. 1 



(jiUiKiuii. 

1ti>l|rniiiii. 1 

lUttli iitudo. 

Lu^\' 

Hniiilur, 


I’cr (‘viil. 

I’l r rent. 

J*pr 

Vpr crait. 

P(‘r I'oiil. 

ntaiiKaiu’Hi* 

II n 

ai'tt -no-H 

41-150 

no- 88 

011.47 — 64-3D 

him . . 

.1- 111 

0 l - -IH't 

2 10 

JO -20 

n>.08 — 19'40 

Hlllra , 

i! 1 

«<o — a*6 

l--» 

2—0 

(MU — hOO 

IMlfHldlOlllH . 


(HU— O'la 

O-OIfi 000 

0*01-0‘0 

0*010— (1‘088 


History of development. 

The ocourrenco of manganeHc-ore in Gangpur State seeins to have 
como to prominot]oe only in J907 through the prospecting wort 
carried out by Mr. Ifiaao Shrager on behalf of Babu Madhu Lall 
Doogar. In August of that year, a prospecting licouco for man- 
ga noso ov(‘r an area of 0(1 square miles was granted to Mr. Doogar 
by the then Haling Chief of Gangpur, In 1909, Mr. Doogar was 
joined by Messrs. L Shrager and Bhupendra Nath Basu as partners, 
A light tramway from Dharuadihi railway station to Ghoriajor 
was built in the year 3908 by the Gangpur Light Tramway Co., 
Ltd., under the management of MesEErs. Grossman & Co. and opened 
in January of 1909, An account of this was published in the Indian 
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and Eastpni TSn|:;iiirer.^ A mining InaHc wnn granUnl in UU2 ovcir 
an jivoa of 7-25 wq. milcH, but an the Htato autlioritioH found that 
the deposits were not ])roperly worked, tin* le,sse<‘H were evi(*i.<'d. 
This led to an appeal by th<* h^sfleen to tlie Heendary of >StHt(‘ for 
India, who howover uphold the uvicliou. The [(‘uae tlieref<»re laps(‘d 
in 1914. 

A second lease was grant(‘d in 1917 to tlu' New (iangpur Mining 
Syndicate with Mr. (now Sir) M. B. Dadabhoy and others as partners. 
By about 1927, the veins had been follow(‘d to some depth b(‘low 
the surface, and quarrying became costly, siinultaiu'ons with fal- 
ling market prices. This Syndicate thorofort* decided to stop work 
in 1927 and surrendered the mining rights to tho State in the follow- 
ing year. 

A prospecting iicenoe for tho Qhoiiajor area was in ken out by 
Dr, M. Patel and paitners under the name of Orieiit Mining 
Syndicate in 1929. Tliis ooncorn worked the Shnvger Hill quarry 
on a small scale but found it difficult to (‘arry on under the condi- 
tions of the prevailing manganese mark(‘t. Tiny had virtually 
ceased to work in 19H2. 

The new Qangpur Mining Syndicate also woi'k<*d Hoini‘ quarri<‘8 
at Nakti and Ohaiitbur lying to tho iiorth-oaHt of tho Matioimmdu 
quarries. 

During tho War, in 1916, Messrs. B. P. Byramjec & do. took 
up prosi>eoting licences over the other areas in tho State. A mining 
lease over an aggregate area of 0’618 sq, miles was taken up in 1918, 
oompriaing plots in Salebira, Raidih, Kharkamunda, Dhumagarha, 
Dandjamira, Kusamdega, Jl^ani and Panchta. Another area, 
aggregating to 0-77 aq, miles, and inoluding Pandiisila and Qobira, 
was leased out to' the aame company in 1921. Both, tho above 
leases were aursendered in 19SO-31 but no work had been done in 
any of the quarries since 1926. 

So lor as known, there was no production of mangaueso-ote in 
19^ or later. 


Production and prospects. 

In the accompanying table (Table 16) are given the figures of 
tttpduction of mang^ese-ore from the different quarries in the Stata 
tthe figures published annu^y and quinquennially by the Geological 

Buff., XXVJt pp- 06-98, (1010). 



Table 16 , — Production and value of Manganese-ore in Gangpur State. 
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kSnivoy of India lmv(‘ b*‘»‘n rluH'kt'd 11u)S(‘ nh1.jiii](‘(I dirori 

from the Stale tlirougli the courteHy of Mr. 11. I). C'liristian, »Suj>oi'- 
intondent of Giaugpur, 

There waB no prodnetion in 1015 and 1020 for the r(‘aHonH already 
stated. Some desnltory quarrying Imn boon going on Hiiice lOIiU, 
but even this has been stopped by the oiul of 1052. The total 
production to date amounts to nearly 570, (K)() tons, of wliieh by far 
the largest part lias come from the Ohorinjor grou]) of qiianies. 

From the information gathered locally, it, appeal’s that tJu* inaiii 
reason for the Now Oangpur Mining Syndicate (dosing down the 
manganese quarries was the increase of working depth and of cost 
of production, when simulianeously the pricoB W(‘rii falling Nt(‘a(lily 
to an unremuneiativo level. All the quarries were producing u]) 
to the last, and so far as known, there was at no time any diflfioiilty 
in finding ore. Even in the Ghoriajor main quarries, whc're the 
veins were thickest, these continued at depth without any serious 
thinning or lowering of the quality. The veiiw had liowcwcr chungiHl 
th(*ir dip to a stoc»]>er angle and the cost of ((tiariying had in(*r(‘aBecl. 

The Syndicate aoem to have d(*eido(l on eloNing down their opera- 
tions in 1025 or 192C, and by the end of 1927 had dispohcd of niosi 
of their stoclw. In the sanm year their activities were transferred 
to their properties in the Central Provinecs, and several hunchpial 
labourers used to manganese mining also migrated. But with the 
setting in of the industrial and financial rl(‘preBsion, the mining 
activities in the Central Provinces had also to bo curtailed. 

There is no doubt that a large quantity of high grade ore still 
remains within workable depths in the Ghoriajor-Manomunda area. 
But sooner or later underground mining will have to be resorted 
to, since much of the ore within 30 to 40 feet from the surface had 
been quarried. Even now, opencast quarryieg can bo carried on 
in all exjsept the two large quarries at Ghoriajor. Under the present 
conditions, however, the working of even the richest of the oro 
bodaes is an imeconomio proposition, for the ruling prices arc below 
the cost of produxrion and freight charges to the seaport,* 

It will be evident therefore that it is not the paucity of the ore 
within workable depths, but the present uneconomic price level 

* Thin paper -waB written in the Tatter pait of 1934 and Bnbmitted for publication 
«a:lyinl9a5. TOiongh these lemarks apply BUicUy to that period, the Improvement 
wMcax has einee taken idaoe in the rnineml market does not yet wamnt any optimism 
to to the xesimLptdon ox inining activity in this area. 
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pTOvaloiit in llio iTiaii£»an('H<‘ markol, that jh reaponsible lor the 
ahst'iici* (»f ininiiipc acMivity in (Jang]>uv State in respect of nianganese- 
ore. 

Tlie otli('i‘ quarvie.s of the State, wliich contain only lower grade 
ore, can he re-opoiK'd only when specially favourohlo conditions 
obtain, OkS did during and iinmediat(‘ly after the War. A large 
tounogf* of Hee(»ncl grade oie undoubtedly exists in all the areas 
of niungnnese-lx'aring ro(‘ha in the State, but they must remain 
iinworked until a demand for such oie can be stimulated or until 
some proeoHs of bcmdiciation can he a])pliod to them with siieeosa. 



CHAPTER XV. -LIMEBTONR AND DOLOMITE. 


History. 

Tho earliest published releroiioo to liinoHtouo in (laiigpur State 
ia that of V. Ball^ who wrote : - 

‘ Tho Iasi ftOoUoii in this tract of country which tluvro is space to uolico Iumc 
I n that affordctl by tho ((iangpur) Hainpai,® a triimlary of tho EIjo. ('1<jso to Kii- 
jerma (Kinjirma) tho bod of tho rivor diaolosos a tliicknoss of 50 to 60 ft. of hlu»‘ 
limeatono, dip ■iO'* south-south-oast. Undonieath thmc) an* somowhat sandy (piart- 
zites, and tho two rooks takon togothor aro not luiUko tlio Vindhyans wen near 

Patlampur A portion of tho Hmostono is ol infodor (inaliby, (‘(ni- 

taining tromolito ; but much of it ia a si rung pure rock, whicli ouuht lo piovo valu- 
able should oouoaiou ariso fui' its omploymonU 

The same limostono is soon near tho jiinotion of tln« Sanipai with Hio Kbo, 
where it ocouvs in horizontal bods, abutting against a vein rri r'oaiw* granitrs’ 

Tho commoruial exploitation of tho lintOHtono and dolomite 
however was started ab tho otlior end of Lln^ Etato, luuir Rourkida 
and Biara. In 'Kobruary, 1H98, Mr. E. (1. Barton was {^ranted a 
loaso to quarry Ihuosbono in an area rrovorin^? 12 atu’es near Jajy;dah, 
Banposh and to tins north of Rourkola. lie took up a further 
lease of 23 aoros in 1902, in iho following looalitioH : Jliirpani north- 
east of KourkoUb Khatangkiidar, Ursu and Makankudar (whioh is 
probably Masrikiidar), whioh aro further oast. 

Mr, Barton, however, transforrod tho above leases to Mr. iiobol 
who formed the Bisra Co., with Messrs. E. W. Hoilgors and Co, of 
Calcutta as managing agents. Mr. Jiobel took prospecting lioeiisos 
for certain additional areas in 1903, and a mining lease over a 
total area of 2,317 acres in March, 1910. Tho plots comprised in 
this lease were : — 


Name of Lease. 

Area in acres. 

Location. 

H 

40 

daraikela (near Singhbhum boundary). 

1 

40 

Kondra (on the Doo river). 

J 

40 

Satra (N. W. of 1). 

"K 

225 

Gttiitangar (Amghat). 

*L 

40 

liaingor (Near Amghat), 


* V. Ball, On the Qook^ of the MahauatU baaiu aud ita vicinity. Bac, Sufv 
Zifuf,, X, p, 1B2, (1S77^ 

* Though. ia the coneot ppeUing, or Jrather tranBliteration, Sapai la found 

on modecn toapa# and has been used in present Monoir. 

( 14S ) 
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Name of trfvvhe. Ari'ft ui acr* t). Locrttion. 



(in 

Rli-tluiutia .iiid (‘hik.ilin.iti (Nt.n KalmigH). 

*N 

no 

Kiijn.(iimm(lti (3} milch N, E. of Kalinina). 

*0 

2(10 

Ikuiposli (N. nt l*aiii)Ohh). 

*P 

no 

Lunki'ni (N. of PuupoHh), 

Q 

no 

llaniirpur (N- ot Jtouikfla), 

K 

on 

.Hiiritam (N. H. ot Itoiirkola). 

S 

‘i(K» 

•laf'rUli (ID. of R). 

T 

no 

It.iiiij[ui*krla (Nk W. (if Hisra). 

a 

2 no 

Klia(an<;lvU(1iu' (N. of liisr.i). 

V 

so 

TciHi*kfTH (luljnimnif H). 

w 

400 

Umu and MiiHiikudai. 

X 

207 

linra "i 

Y 

IHO 

Rniirloda kudioininR raiiiv.iy HlatioiiH for 

*Z 

an 

K«ltu«a J 


OC tlie above, thotio iiu\rko<l witJi an awtoribk (totiii of VJb aorob) 
were traubforrod to tlio ThIa Ftou and Hto(d (Jo., and tho otborn to 
tli,o Biam Stone Limo (N>., in Th(i latter took fuTtlioi' loaHes, 

a few years later, over a total area of 0,400 aevea, oonipriaing the 
following ; — 


Area in ooreu. 

ijocatlon. 

140 

KaraHbtui (ou tho Ba^Mu, N*. W. pf Dliaj'aadlhJ). 

102 

AinaHcaiigU'HandubaliiiJ (on tho Bnpai, N. \V. of Dhoriiadilii), 

103 

Kadiiapara (N. of Garpou). 

102 

Rurkapali (N. of Oarpoa). 

LOS 

Tuuiuura oud JColcorbliuka (N. W. of Bonakhan). 

Oil 

Katajig (N. W. of Bonaklian). 

170 

Kknikurbahal (N. of K.alang). 

2,746 

Laujibeiiia eaatwiu’da to KiHioinaJ. 

26 

iChaiidih (Noai Hetpob). 

240 

Raiboga. 

1,072 

Ral])ara-Laixki (llinnitrapur). 

141 

Punuviiani (near llatliibari). 

480 

Gailtougar (E. of Eathiboii). 


Tbe Basra Stone Jjime (lo. transfoiTod the last two iteniH of the 
above to the Indian Iron and Stool Co., Ltd., in 1919, but the latter 
have not found it convenient to work those. The Katang lease, 
in which hnaestone was quarried for some time, was proposed to 
be sold to t^ie Eastern Iron Co. (Vihiors and Co.) but before the 
sale was effected, the buyer company went into liquidation, and the 
transaotion fell through. 
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Only a few small aroas arc lioUl on Ioann hy otliers iiiniomv'otocl 
with the Bisra Stone Lime Co. These are ; — 

(i) Tuiiinara-Gaiuli.utlih (Jliarbom), and Klia1jlviirl>ahal, liohl 

by tho Tata Iron and Stool Co., tlni areas hoin^^ 110 
ami 123 acres rospectivoly. Tlio Cornier is just south oC 
Kukarblmlfa and the hii.tor uorlrli of Kal.ani;, OMu' prtjs- 
pocting llconoo was granted in 1020 and ininin'i h»asn in 
392.3. But tlio propovtioH have roinaine.l uuworkuul. 

(ii) Usra (lor dolomite), one aq. mile in area held on leas*' by 

Messrs. B. P. Byramjee and Co. simse Novinnbor, 1021. 

(di) (a) Hotpoa-JhaTbera-Dublabora, 295 acres in extent and 
(b) Lilaikhaman, 130 acres in extent, both leased t(> the 
Gangpur Stone Lime Oo. (Messrs. B. K. Sanyal, Bhola- 
nath. Barlii and Oo.) in Soj)touiboi‘, 1925. 

(iv) A small area at Barpali village (south oC Ainglnd') lu'ld l)y 
Mr, Jairani Valjeo on prospecting licenoe. 

It will thus bo aeon that the Bisra Stone biine Oo. and the Tata 
Iron and Sfceol Co.* between them hold by far the largest part of the 
limestone and dolomite area in the State. Up to aI)out (022 tlie 
headquarters of the Bisra Stone Liimo Co. were at Bisra on the Bengal 
Nagpur Railway, whore they had construotod largo lirne-kilris, the 
lime manufaoturod in which bo({arae well known ui Caloiiiita as 
' Bisra lime In. that year, tho soeno oC the aotivitioB shiftisl to 
Raipura (whose name lias recently boon changed to ib'rtiutra])iir) 
whore the limestones and dolonutos aro Coimd in cnorjnous quanti- 
ties and are easily worked. Tho company have beon working 
there continnously since then. 

Transport facilities. 

The Bisra Stone Lime Oo. oonstruoted a broad-gauge siding 
extending from that of the Bengal Nagpur Railway wliicjh liad 
reached Banposh north-west of Bouikela, to their quarrios at Bir- 
mitrapux. This line was puiohased later by the B. N. By. The 
Birmitrapuc-Bourkela section of the Railway had boon open to 
goods traffic sinoe the Railway Company bought the line, but since 
ihB last four years or so it has also been opened to pasaengor traffic. 

When the I n di an Iron and Stool Co. acquired tho lease of Gati- 
tangar and Pumapani areas, tho extension of the railway to those 

♦TMft’shaTtt BOW taken up ft lease oltUe dolomite area at and noai Lifripaora.— . 
3C. S. Siw 



LIMESTOITE AND DOLOMITE. 


151 


places was arranged. But, after the partial construction of tlie 
earthwork for tlio track, the soheme was abandoned as the 
Company decided not to work their property. 

The Tata Iron and Steel Co. constructed a broad-gauge siding 
(assisted by the B. N. Ry.) from Kansbahal station to their Amghat 
deposits. This line was also later on taken over by the Railway 
Company. 

Light tramways liad ])oeu used in the case of the other q^uarrios 
whicli wore worke I in the State. The Bisra Stone Lime Company had 
tramways connootiiig (1) Soiukklian and Ratang, (2) Bisra and 
Ursu, (3) Bisra and tCliatangkudar and Bangurkela, and (1) Rourkola 
and Jhu'paiii and Jagdah, Those were, in use till about 1922, when 
the Company transferred tlunr ac.tivitios to Birinitrapur. 

Messrs, B. P, Ryramjoo and Oo. liavc a light tramway between 
liulimga station and Usra. As this passes over the Sank!) river, 
a temporary bridge used to be (jonstriU/tod over the river every 
year just after the tuonsoou and tiikon up again before the next 
monsoon. 

A light tramway from Kuinarmunda (on tho Rourkeda Birmitra- 
pur h'ne) to the Dublabora area was constructed by bho Qangpiir 
Stone Ijimo Co. in 1928. It still exists, though tho Dublabora 
quarries liave not boon worked systomalically. 

Description of quarries. 

The distribution ol the calcitic and dolomlti({ nuirbles can be 
gathered from tho accompanying map, Tho calcitic marbles ovcj'Uo 
tho dolomitio ones and are also more resistant to weathering. 

All the important outcrops have been bested by interested 
parties with a view to their commercial exploitation. Since 1900, 
quarrying has been done in some area or other, but at present the 
only outcrop which is worked is that of Birinitraptir, all tho others 
having been closed in recent years owing to various reasons.^ 

Limestone and dolomite have been quarried at different periods at 
the following places : — 

Ursu (22° 17' 30* : 85° 1'), 

IQiatangkudar (22° 17': 84° 59' 30"). 

Bangurkela (22° 16' 30" ; 84° 57' 30"). 

Jagdah (22° 16' : 84° 66'). 

Banposh (22° 16' : 84° 48'). 

Beldih-Chikatmati (22° 16' : 84° 45'), 
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Uhra (2^’ Id' If)" : d2'). 

Amgiiat (22” 15' : H7'). 

IJarpali (22” Id' ; Sr^ 3«'). 

Kataii^? (22” 14' W : 84” 20' fH)"). 

Kukarbliuka (22” 12' : 84” 20' 20"). 

Jharbora. DubJabera (22” 18' : 84” ;18'). 

Birmitrapur (22” 24' : 84” 41'). 

Tho qitarrinfl m I.Ik) oiiUjropn n<‘ar Riwa liavo boiui abandoned 
16 years or so ago, wliilo tlio Kafang, Ain^^bat, and MaupoHli ([uarrios 
stopped work comparatively recently. Tlio irw)Ht active ])orio(l of 
mining was between 1920 and 1930, as a glnnrn at the ])j'0(lii(j1ifm 
figures wifi. show. 

JBanposfu 

Tho quarry at Banposh was workoil by tlie Tata Iron and Htoel 
Co, between 1911 and 1927. Practically Cio whole widtli of the 
outcrop has been opened up. It had booi, olosed down, by tho 
time ray work commoncod in tixe State. A litl.bx sporadic (juarrying 
of lime^one on the bank of the Kool river just west of tho quarry 
was being done in 1928, but this was more on tiie soule of ojtfxlora- 
tory work than regular quarrying. TJio jjrodiietio)x from hero con- 
sisted almost entirely of dolomite. The quarry soems to have 
reached a maximum depth of 180 ft. In 1933, however, quarrying 
of dolomite has been started on tho bank of tho Kool near Banj)oaJi. 

Uara, 

The dolomite band here was exploited by Messrs. B. P. Byramjee 
and Oo, At the time of ray visit in 1928, the quarry was 800 ft. 
by 120 ft., and 60 ft. deep, and situated close to tho northern bank 
of the Sankh river. Except for a few, thin, intercalated beds, the 
dolomite here was of a quality good enough to be used in smelting 

The quarry was in operation during the years 1919 to 1930, 
praotioafiy all the production going to the smelting furnaoos of the 
Tata Iron and Steel Oo. 


Amghxt, ^ 

There are quarries here both in limestone and iu dolomite 
wtbh were worked by the Tata Iron and Steel Oo, The total 
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exposure is over 2,000 ft. wide, a little less tliaiL a tliird of it beiag 
liiueatone. The two dolomite quarries here, which are said to have 
reached a depth of 100-120 ft., were closed down in 1926. Early 
in 1928, when I visited the area, tho limestone quarry was working, 
but that has also boon closed down later in that year. 

The dolomite quarries, though filled up with water, were being 
looked after, so that tlioy could bo started again at short notice, 
as tho tramline down tho incline, tho hoisting and loading maohinory 
were all kept in position. 

The limoatono quarry was about 700 ft. long, 120 ft. broad, 
and 70-90 ft. deep. The dip of the limestone is very steop towards 
the north, the top of the northern wall being dolomite. Certain 
parts of the beds were loft out during working and only those which 
wore sulliciently pure for motaU\irgical pmposos woro being quarried. 
A tramline loads down into the quarry down tho eastern end, for 
hoisting the limestone. The material is brought to tho loading 
platform above and loaded direct into railway waggons on tho 
siding of the B, N. Ry. at Amghat, and thenco shipped to Tatanagar 
vid Kansbahal station. 

Dolomito quarrying in, tho Gangpui State has piaotically coasod 
now mainly because tho Tata Iron and Steel Co. have replaced 
dolomite by limestone in their })last furiiacos. Tho reason for their 
olosii^ down the quarrying oporations lor limostono at Amgliat is 
said to bo tho incroaso in tho insoluble constituonts of the limostono 
as quarrying was proceeded with at dopth. l^orhaps an 0 ([uaUy 
valid reason was that it was ohoapor to buy from tho Bisra Stono 
Lime Co. than to operate tlioh' own quaiTios at increasing depth. 


Barpali. 

At Barpali, a little to tho south-east of Amgliat, there is a quarry 
in Hmestono measuring GO ft. x CO ft., and 10-15 ft, deep. The 
limestone was worked intermittently by Jairam Valjee, mainly for 
the production of quioklime. 


Kcdang. 

North-north-west of the Sonakhan railway station^ and two 
furlongs to tho north of the Katang village, is an abandoned 
quarry in limestone, on the southern flank of a hillock. The 
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rlimniiflioiis of tlio f|ii;irry uro roiif^lily 5(K) ff., Ity 100 fl-, It. 1ia.s 
TOftrliod, ill ])la('on, a dopl.h of 2ri .^0 ff.. 


KiiJtarhliuha. 

There is a smll ahandoneil (jnarry iu liinoHioiio imiu(»(liiitoly 
to the woHt of tlio wostorn hamlet of Iviikarldjiilca. A miuill knoll 
of Umostono, not morn tluin <10 ft. luj?h, is found here, on the souf.heru 
flido of whieli aomo qnarryini' liaa hoon clouo. The IhneHtoue ia 
dark, medium- to fino-grainod, flaggy, and geiK'rally im])ure. Tlio 
quarry ia 220 ft. long along tlio atrike, and 50 ff». anroMa. It haa 
Toaohed. down to only a few foot below tfio ground level. 

Some 30 ft. to the oast of the quarry ia a troueh 70 ft. long (nerl.h- 
fioutli) and 15 ft. broad. Tliin was evidenfily exeavaieil for jiroa- 
ppcting puT])OBes. Tho quarry hooiub to have been worked ouly 
ozporimontally and then oloHod. 


Jkarhara, 

^ Tn tho T)ublahoTa synolino, there are too wmall iinarrh's In dolo- 
mite. Tliey are quite Khallow and have not Imioii develofied to any 
apprOGiablo extent. 


Birmii/rap}i/r. 

The limestone and dolomito bands here have oomparativoly 
greater width, than elsewhere, except in, tho folds of tho eastern 
end of the antioHnorium. Dolomito oociira to tho south of tho 
limestone and oocupiea the plain, while the limestone forms hills, 
which are locally oalled the Patpahar, Gnrpahar, and Manipahar, 
respeotively, from east to west, The dolomito exposures are to a 
large extent coveted by soil. The quarries in dolomito, situated 
to the south of Gurpahar, are now filled with water. As mentioned 
^ the geological section of this memoir, tho limestone esposuro 
is 760-800 ft. wide in the pass between the Patpahar and Gurpahar, 
and 1,060-1,060 foet wide in the pass between the latter snd Mani- 
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Tlio quarryin", wliirli Ih now oniiroly nonfined to tho liinefitono 
hills, is hoinj? gradually oxtoiulod wosi wards. Tho quarries take 
the form of long tr(*noh<iS along tho strike of the rook, the impure 
hands hoing left as ridges. Most of tlio work is now doun near 
tho tops of th<^ hills. Tlioro are tramlines laid at different lovols 
nonvoniently situated with re,s}>oot to Ihn workahlo bands. The 
quarried stone is loaded in stoid tubs whie-h aro gonorally pushed 
by hand and empih'rl at tin* storage, bins. From those tho stone is 
sent down tho hillside on ineliniHl <‘hnteH, (ionstinetod of steid shoots, 
to utorago bins ai. ground level, whenee it is loaded into railway 
waggons for doH])at(jh. 

Plato I), llg. 1 shows tlin genoral view of tho Oiirpahar (as in 
.Tannary, in2S) witJi two elinh's in tho eonlire, Plato 11 shows tho 
arrangonn'ut of tramlines at differoiit le.vels in a i)art oC tho Mani- 
liahar near the large bairtory of lime kilns, and a cihiito down which 
the stone is sent to a storage hiii helow. 

Tlu^ sbmo is fust shattered by light blasting and then broken 
lip by hand to him})S moasuring ti to (5 inohos across. After hoing 
loaded in tho railway waggons, which usually take ahont 20 tons, 
the material in oacli waggon is sain])lod hy taking a vortical column 
of hiiups alxmt (I to H inohos hi diameter. The samples are analysed 
in the laboratory situated at the south- eastern, end of tho Clurpaluvr, 
the insobihles and magnesia hohig usually determiuoil, U the stone 
in any jiarthiiilar waggon does not come ii}> to tho roquirod (jiiality, 
them it is genc^rally used in the kilns for nuihing liino. I’his does 
not ha])])on frequently, since tlio (juality of tho stono from tho 
diffe.ront hands is known by previous analyses and oxiiorionco. 
Rome of the hands are regularly worbxl for lime-burning as in tho 
Manipahar. Ifcro, on the nortliorn Coot of tho hill close to tlio 
site of tho Banniunda village (22° 25' : 84.° 43'), is a battery of sixteen 
kilns, a viow of which is shown in Plato 9, hg. 2. I am indobt,ed 
1,0 Mr. R. F. Alexander of tho Bisra Stono Limo Co., Ltd,, for tho 
following description ; — 

‘ Calcining of tlio Umo,ston<j is carriod out in vortical kilns of tho contimioua 
burning typo, wliioli aro in a hatt(‘ry oX sixtoon, IiJach kiln has an outliim eaiw- 
oity of from 16 to 18 tons of lime daily. vShwclally solootod litnwlono is quarxiod 
at Dnar Sini, about half a milo from the kilns, and is tocamracd from there to a 600- 
ton bunkor on tho hillside opposite tho kilns- Tt is then discharged into rujiwny 
tubs and fed direct from thorn into tho kilns with tho necessary proportion of coal. 
The bottom and doors of tho kilns arc designed so as to be self-discharging. Tlio 

m2 
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limti us rlranii fKini ]■> in IuIm tiiul yli d tt\(M 

lo flimiiiulc' (hisi ilikI .ult, info ji Itiwn iiiiiv.i.v \sliitli IiIUk > d t<i ilit' paildu'^ 
flooiM O) 1)1' loiidcd into IjKiiuI u»U),i‘ luilwav 

TliPrtt uro alno a f<‘w oUut, kilun, t.xiiu* Ihmip*. iniiU- lu stilid 

look on tlio hillHirlo near llu* fool, of flu* liilJ, Oui* suoli Kiln in w'nn 
in Plato 9, (ip;. 1. 

Py far t1u‘ ffivator jiari of t.lio liniohloiw niilod (almul 90 p«r 
cont. or more) from Iliimilrujiiir in eoiihimu’d in the iroji Huellinpf 
fumacoa of tlio Tala Iron ami Steel Co., tlie I ml inn Iron ami Steol 
Oo.j and tho Ponpjal Iron Oo. A amall <|mintit.y in hIho Hlii])|)(‘(l 
to otlior RimB and rihod for variouM porpoHOH. Mueh liineHUmo in 
also qnarciod for lincmnp; in ilio kibiH. In tim tableK of pr<i<lt(otion 
given on a later page, tlio toimap^e imed fttr numnfaeturtug lime 
is shown soparatoly from tliai e^poitud us linu'htone, wli(‘ro avnil- 
ablo, The lime is distrilmted t<» variouH popnlous eeutreH williin 
easy reach, tho chief markdH being (’al(nitt.a, .lainHluulpur and tli<» 
towns in tho coalfields where H is well lownrii umler llm luvmo of 
* Bisra lime 


Quality. 

Almost any composition raugiug from a pure liinesttnu* •n* tlolo- 
Bfuto on the one hand, to iv shab', phyllite <»r (piartysiU^ ou tlm otlier, 
can ho ma1<‘hed in Iho fnfid from, dilT<*reu1. portions of l.lm expoMtiros, 
Kero, howflvor, wo uro oomuTUod with tho avoriigty cjiiHlit.y of the 
matorial ordinarily exported from, or nsod at., the (lilferent (juurri(‘K, 

^ The greater part of the lhn(‘Hl(»ae and dolomite won in the 
Gangpui State has boon used in iron-smoUln,|T fuTnanes. lu geueral, 
non wd steel oompanios require limestone in which the following 
impurities are allowed:- a maximum of six per cent. t.otal silica 
and al^ywia, of which up to Jivo per cent, may bo siliea, and a maxi- 

?? (!«. MO 

BMd to stipAte tut tlo rnaguMia content bIiouM not axcocil 3-0 

per cent., Moe a. Iwger ooutont affects flic oolre ooneiimrtion ami 
the compontion and ysecaity el the dag, roTaginons^natorial 
provided there is no sulphni in it, is not objeoted to. ’ 

In the case d ^ manufeotiae. a aomewliat ’ larger latitude 
m oompcBiton can be aUowed, but the iron content niMt ^ *00^ 
brtVj flo that the lirge burns white. ^ 
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The following tahlo sliowa the ooiaposition of liinestono won and 
utilised : — 

Taultii 17. —Analyses of Birmitrapwr limestones. 
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The above aiialywoH w(ir« kindly supplied by Mr. 11. F. Al(5A;uidcr 
of tho Biara fcitoiio Jniue (Jo., Ltd. The Birinitmpiii* (‘xpoBinoa 
have been, sampbid along aoveml liiu'S at intorvaJw, in a iiortJi- 
south dii‘(Hition, 7.r., ikm’ohs tlie Ht]'ik(‘. of tlu^ bods. One Kiudi Haiupling 
luie, measuring about 1,0130 ft. aeross l.he (Sur])ahar, gave., aeeortling 
to iiifonuatioii kindly aupjdiod by Uie late Mr. (Jordoii Unit, for- 
merly Managing Direutor of the Bisra Stone Lime Oo,, an aggregate 
width of ino fee.t of limestono with Jess than live p(‘r oont. silioa, 
1550 foot oontaining between five and (uglit per ooiit. silioa, and tlie 
rest oontaining between 8 ami 25 per oent. of IJie same, eoiwtitiiciit. 
TIhj aliitninu and forrie oxule ooutent are gcomrally low, a\'(M’ugiug 
between 0-7 and 1*5 pec eemt. The magnesia oonl.ejit, in the ])or- 
tioiis whieli show eight per Ciont, or less ol silica, rang<‘s ))etweon 
two and six ])er eent., but oo(!asionally going uf> to 10 per (umt. 
The bands with a partieular eompositioji are generally |)orsistent 
for Hev<iral liuudred foot along the strike, but may broaden, thin 
out, or bo gradually replaced by jnatorial of dillerout composition. 

In tho following table are giv(ui some analyses of limostono from 
tho Anighat quarrios : — 


TABLifl Di.—AihalyscH of Liwesfona from Amyliai. 
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TIui i^bovo, HolooUul fr<M»i alxHili J»0 kiivtlly by 

Tatii Iron and Kiool (J<n, Lid., an^ Hpcdially dcsit'iu'd U) 

aJiow llio variiiiiojiH in (iotn|ioHiii«»u of nuiinrial from diIT('rcMii bands 
of iho Um. 0 Hiun(i bod ai Anmhai. Tlio Iasi, No. lb ropivHoid.s Uio 

avorai^o of all tho samidos from a Hatnjdo iironoli aoross 1lio, striko 
of ibc Jimeslouo. Tlio avoraf^o <(tmliiy from Mio (jnurrioH 

to ihoir works at Jatnsliod^mr was o.onllnod to ilio bands wliicdi 
analysed loss tJinn 5 por oont. insolulk^s and loss ilian A per o.oilI, 
nmf'nosia, 

80JI10 aualysos of doloinito reprosoutinf' matorial from I4iruuii‘aj)ur 
aro jrLvon below. 


Taut , 111 10.- -Analyses of Dohniitc, {Birmiiraiuir)* 
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Jn iJio following iablo uro givon sovon uimlysos of dolomiio 
from Amj-liai solooiod from a largo iiumbor, oouriooualy BuppUod by 
ilio Tata Iron and 8tool Oo., Ltd. 


Tablb 20. — Ana^ses of Dolomite [Amjluil). 


— 
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In this table also tbe last column gives tbe average of a large 
number of analyses representing a series of samples taken aoross 
tbo strike of tlio dolomite beds in a sampling trenob. A comparison 
of this, witb tlie average for tbe limestone samples given already, 
will bring out tbo comparative purity of tbe dolomite beds. It is 
only occasionally that portions of tbe dolomite run to over i per 
cent, insolubles. In fact, it is known that from one of tbe quarries 
in Amgbat tbo company bad uniformly dospatebod dolomite averag- 
ing loss than 2 per cent, insolubles. 

In Table 21 are grouped together a few analyses of dolomite 
fi’om Messrs. B. P. Byramjoo & Co.’s Usra quarry and those of two 
fairly representative speoimons collected from tbo exposure in the 
stream near Lifripara. 


Table 21. — Analyses of Dolomite {Usra and Lifnpara). 


— 
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Bppfiinon 13/17(1 liom lUi- Bijcnm Ill'll nc.ir JJlilpaitt. 

2. HiMTliupii 48/176 Iiom n dlflpipiit pnrl of tlic Nnnip oxiiohiui’. ConlHini 
quoi ( .! II nrl imcawoun mntt cr. 

3, 4, 0. Avpmuo atinlyHOH of riilpmcnls fuim tlip llBra epumr for Uio youib 1020, 
rMpccllvoly. (Uy cimitpBy of Uio Tnt.i lion iVs Stool t'o.). 


.V lit Up tiiiuulKu. 

1030 luid lost. 


Tbo occurrouoo of calcareous flags grading into pbyUitio shales 
near Dbelsaxa has boon already mentioned (see p. fc^C-SO). These 
calcareous rooks extend along tbo strike for a distance of nearly six 
imlos. Sections of tliis are soon in tbo stream south of Blielsara and 
along tbo Deo river between DbelHara and Pliarsa, whore these rooks 
are not loss tlian 460 ft. .tliick. A speobnou (46/753), ooUootod 
from the lower part of tbo bod, gave tbo following analysis : — 


SiOg Al,Os Ifo^Oj CftO MgO HgO Igu- Totol* 
12*18 3*64 2'20 43*10 1*88 0-62 30*76 100*28 


Sp. Qr.«2*748, 
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This oorresponclfl to 76*9.‘i per cent, oalciiiui carbonate and 3*93 
per cent, magnesium caTbomte, the rest ladiig (piartz and abaly 
material. 

The analysis shows that tho luaLc'rial is not of a hij^h (lualiiy) 
But tho quantity of available material of tliis ami of moni shaly 
composition is very largo. 1 am of the opinLou that certain parts 
of tho deposit will prove to bo a suibible hydraulic liinestono or 
natural oomenfc-sfcono. Investigations of this occurnuicc jw well of 
the shaly bands in tho main liinosUmos of tlu^ anticlinorium seem 
worth while for the purpose mentioned here. 


Quautity available. 


I made a rough estimate of tho quantity of liuu'Htonc available 
in the Birmitrapur area, using such data ivs wore available. Assuin- 
ing a total Icngili of four mib*H (say, 21,000 
p^Llincstonc, Blrmlira- average thickness of bbO feet the 

total (luantity of limestone j)er UK) fovit depth 
(on tho basis of 13 cubic foot per ton) will be : - 


21,000x860x100 

13 


=137,300,000 tons approximate ly. 


Of this amount, roughly 10 per cent, can bo classed <is first grade 
(fib for metullurgioal purposes) aud 25 per emit, as hc'ooiuI grade ami 
useful for lime making. Wo may take further that tlu^ average 
height of the hiUs in this area above the general grouml hsvel is not 
less than 100 feet and that Hniostono can be worked to a depth of 
100 feet below the ground level without much difficulty. On this basis 
the above quantity will be doubled, giving 27,460,000 tons of first 
grade and 68,700,000 tons of second grade stone. In the absence of 
detailed information, the above figures are considered to give a fair 
and. oonseivative estimate of the quantity available. 

With regard to dolomite, it is known that the strata are of greater 
purity than the limestone so that about a third of the total volume 


n utilisable, Tho area 

ptit ” * occupied by the dblomite is certainly larger 

than that occupied by the limestone, but as the 
outcrops are all on ground level, a total workable depth, by open- 
oast meHiods, of 150 feet, may be taken. On the basis of an area 
of 21,000x1,000 sq. ft., a workable depth of 160 ft., and a volume 
of 12*6 0 , ft. to the ton, the total quantity of dolomite available 
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win be 252 millioa tons. Of this quantity, a third (84 million tons) 
may bo oxpoctod to be of high grade. 

A conservative ostimato was also made of the dolomite of good 
quality avadablo in the Lifripara exposure. Assuming a length of 
„ , , 1,600 ft., an aggregate thickness of 50 ft., a 

0 om e, t para. depth of 100 ft., and calculating at 

12-6 c. ft. of rock per ton, we obtain a quantity of 600,000 tons. 
This does not take into account the extension of the beds eastwards 
near Suigura. The Lifripara exposure is however the least accessi- 
ble of all the occurrences in Gaugpur, being about 25 miles from the 
railway. Never thclcss, the presence of a good deposit of dolomite 
there is bound to bo of some use at a future date (see p. 150). 

1 have not attempted to work out any hguros for tJie other out- 
crops, as the necessary data are not available ; and in any case, 
without the aid of liguies derived from detailed prospooting, the 
estimates could only be very apjnoximate. N<‘vertl\eless, it will be 
seen from the indications given by the above eslimatt's, that the 
quantity of good limestone and doloiniUi avaUal)le m Oangpiir Hlate 
must bo oJ‘ the order of several hundred millions of tons. 

Produclion. 

Krotn the fon'going sketch of the history of the limestone and 
dolomite mining in tlie tStute, it will be gatlierod that the exploita- 
tioji started with th<‘ most easily acc(‘Hsil)le (leposits. The ocoiir- 
renco of a line of hills at liicmitrapur couttuning very good limestone 
induced the Bisra Stone Lime Oo. to transfer tlioir activities from 
the several comparatively small exposures near Bisra, to Birmitra- 
pur, where their expectations have been amply fuliillod. 

In the following table are given the hgures of production of the 
different groups of quarries. No figures ore available for the years 
preceding 1912, though it is known that, practically since 1900, 
limestone and lime have boon exported from the Gangpui State, 
The Bisra Stone Lime Oo., Ltd. and tboir predecessors have been 
the chief producers during all those years. They worked first near 
Bisra, then at Katang and lastly at Birraitrapur. The Tata Iron 
and Steel Oo, worked mainly between 1919 to 1928, at Panposh 
and Amghat. In 1933 again they have started quarrying dolomite 
at Panposh neat the river bank. Messrs. B. P. Byramjeo & Oo, 
had been working the dolomite quarry at Usra from 1919 to 1930. 
There has also been sporadic working and a small production by 
the Glangpnr Stone Lime Oo. and by Jaicam Valjee. 



Taht.tc 22 , — Production and value of Limestone in Gangpur 
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Table 23 . — Production and calm of Dolomite hi Cfangpur State. 
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(a) liittDded undEr limestone. (6) From Tongrttola near Amgliat. (c) Ko iBlsing. despatch only. 


































(JirAPTWR XVI.-OTUMR MINMUAli PUODlJiiTS, 

Coal. 

An account oi' the ocuum'iuni of conl-lxsirin^ rm'krt luw alroiuly 
boon given in tlio cliupter (Rweribiiig tlin llotidwainiM. In tinit 
section a aliort suiuiniuy of King’n (*xpl<)mt.ory wttrk on the <’oal 
seams and the results of utialyseH of the liorclioh^ snmpli'H then 
obtained have also been included. It will Homi froiu t>here 
that the coal was of poor quality. Tlmiigli sonn* Naniplt‘H whie-li w^to 
tahen from suTfacc expoHures gave HiMnewhiit bei.ljn' ri'sults, King 
concluded that further work in the ajHja wtus not lilody in prove 
profitable. 

The results of aualyses of eight speeinuuis from tln^ fiml oitlorops 
near Eattansara are given by King, and tlu'S^^ sliow the following 
range in composition: — 

Moisture hetwoen 11*72 and 1 2*2() per nml/. 

Volatile matter between 24*0.S „ .‘12*82 ,, 

Fixed carbon botwcon 20*20 „ bO-OO „ 

Afih between 0*52 „ 4 2* 10 „ 

Average ask eouU'iit 21*51 „ 

I coll(!cte(l a few speoimeiis from thi' coal outcrop in tin* llaiHiiiidar 
just above its eoiiftueiKio with the Jhajia nala, uortli of (lopalpur. 
The specimen which appeared to he the liest was aualyHi'd in the 
Geological purvey Laboratory with the result given hi'low. Homo 
vitrain from the vitiaiu-ochre band in the same Heetion was also 
analysed : — 


Table 24 . — Analyses of Coal md VUrain, 


— 

Goal. 

Vilnvixi. 


7or oonb. 

PO* tlOJlb. 

Volatile mattor 

4*24 

«*80 

82*08 

32*62 

!E4:ced carbon ....... 

43*74 

n9*Q4 

Aab. ......... 

19*04 

0*04 

Oakbag . , . . . . , , , 

Docs not oaike 

Does not oako 

OoloTit of ach 

Whlifl 

llrab 

8pi<> Qt. 

1*427 

1*346 




GOLD. 


165 


The above analysis of coni also supports King’s conclusions. 
It is known tljiit sonic ycsirs ago the Rampnr Coal Co. conducted 
some proapoctiiig opcn'ations near Bulanga and Siarmal (south of 
Tiklipara). The results arc not availaldo, but from the fact that 
nothing J'urtlier has been done, it may be infeired that the results 
wore far from encouraging. Whether coal-wasliing and carbonisa- 
tion processes, which are being tried in the West, can utilise the 
coals availaldo hero is for the future to decide. 


Gold. 

The mctaniorphic rocks of Oangpiir and adjoining territories and 
the quartz veins assoeiided with them are reported to be gold- 
bcaiing. Gohl-wasbing was carried on in th(‘ Mahauadi, the Tb 
and their tribuiary streams during the last century. Colonel 
Haughtoid has i’erord(‘d the oeourrence of gold in the sediments 
contributed to the Kool, Karo, Bonkh and Brahmani rivers. 

According to gold-washing was regularly done at Anandpur 
(22® 28' : 85'' 10') and at l)ipa two miles to the south-south-east 
of th(5 former. The iraditiou seems to have persisted down to very 
recent (-imoa. On {burgeon Hre1.on’s antpluirity, he states that gold 
mines existed in Gaugpur Stain niul lliat large pioees of native gohl 
wore found in one of 1h(‘ minoH. 'I'ln' same author has remarked® 
on the gold-l)(‘aritig nature of llu* rocks in Congpur and Sambalpur, 
The Teliha mitt in (Jaiig[)nr is said to contain the precious nieM. 

J. M, Maclaren'* has studied flio gold occurrences of Chota-Nogpur 
and has shown the following jdaces in the map accompanying his 
paper as supporliing gold-washing operations : — 

— Junction of the Koel and Karo rivers north of Anandpur. 

— ‘The Kool river mair Anandpur and Dipa. 

■—The Koel near Jaraikehi and the Brahmani near Raglmnath- 
pali. 

— Giringkola and fc^argipali on tho Ichha noh. 

— Kusunmra and Barbahal on tho Ib. 

' Jour. Aft. fioc. liruff., XX 111, p. ItO, (1804). 

• Manual of Uio Otiolofiy of India, Part III, pp. 19B, 106, (1881), 

® On tho (liamonds, gold and loacL-orcw of tho flamhaliiur dlatrJot. Sec. Oeol. 8viv. 
Xiid.t X. pp. 186-192, (1877). 

* J. M. Moolaren, The auiiforoufl ocourronooe of Ohpta-Nagpur, Qp. cU.^ XXXI, 
yp. 66.01, (1904). 
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In tlio samo papor' iiro {'iv<‘n f.lu* valinss nliiaiiu'd l>y V\ II. tSinii.li 
from waflliiiif'H (‘.arrioil on(. in s<‘ViM‘nl plufi's. 


<JnM ill ''I’.uixM 


Lnoality. iw‘i' I’uliii* 

Snkha vah ai Ankiia I 

Sukha nala at Aixkua <!'■( 

Snklxa tiaJa at Ankua • 

Sakha nnh a.b Ankua ......... 0‘<t 

Qundria (? 'Ka'niarlwra) 2J milpfi S.M. of Manohiirpiir .... 

Koel rivrir iLoar JVTanohai'pur ........ 0'(l 


Maolaren liaa oTproiflaed tlin opinion hliat. tlio 1*01(1 in f*(n\(M ically 
connected with the epidioriteH of the an'ti tiiid nol. wil.li tlio 
granite. 

Sir T. H. Holland ooiiflidorml tlin gold oenurnmoert in the hUl.n 
between Ankiia and Monoharpur aH donhtful propoHiiioiiH, though 
these wore— 

‘ mniiiiionnd on account of tlio rich, coarno iilhivial gold rtnind in tlio imnnuliolc 
vicinity, of the rich Hpocimou of amih'i'mw (inttvivi iiickod np in llic Anknii nivciiin 
oml o£ th(s (‘xintonco of largo, w(^ll dofinod (pnnlr, riK'fn in iho iioi"ldM»in’li(Mid.*'‘ 

F. H. Hatch earned ont an investigation of ihe roolcH at. Pnhardia” 
(22® 30' : 86® 12'), where some whafta had heeii Hunk l)y n mining 
conoem. The rooks at that locality were qnartzitcB vciined with 
secondary quartz and associated with calcito-boaring ohlorite-ficliiHb. 
Of the five shafts sunk, veins occurring in No. 3 wore sampled at 
depths of 60 feet and 70 feet, yielding 4*5, 3*26 and 1*3 dwt. per ton, 
Shaft No. 4 revealed rooks with 2 dwt. and Vemer*s shaft gave 
7*8 dwt. and 6'2 dwt. per ton. The veins in these were found to be 
mineralised quartzite beating pyxite and gold. Dr. Hatch thought 
that the oceurrenoe was suffioiontly encouraging for the oontinuance of 
the work, but the prospecting operations Boom to have boon stopped 
soon after. 


* I6id^t 

* GknemKoport of the Ckwlogioal Stttrey of ladia for tho yoar 1002-1003. n. 12. 
(1003). 

» Report o tt the auriferoas qaartelfc^ of Pahardiah, Chota-N'otriinr. Jfem. ffeol. 
3^XTTr, Pb. 2, |ip. 68-71, (1902), 
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AmonfT t-ho collections of the Geological Survey of India are a 
few samples’ of native gold and gold concentrates obtained from the 
Sankli mid BTnhmani rivi^rs in the year 1884 (H. 665 to H. 670 in 
the mineral colleot<ion). There is also a record of a small nugget 
of gold, weighing l-dOlO gma. (P. E. No. 1531), obtained by a pros- 
pector from tho sands of the Brahmani river close to the railway 
bridge near th<» Pan posh railway station. 

Since the coinmoncomcnt of the present century, which 
coineidt'd witli tin' ('onstruotion of the Bengal Nagpur Eailway 
tliToiigli this T(‘gion, gold-washing seems to have ceased ns a remu- 
nerative occupation Cor Ihc people who formerly undertook it. Only 
in one ])luce, in the small stream joining the Kool river just west of 
San Bamiia, ilid 1 lu‘nr of tho local people having panned the sands for 
gold in vi'vy recent years. A day’s work is said to bring concen- 
trates of the value of four to six annas. I have also been able to 
confirm that gold was formerly obtained at Aiiandpur, Raghunatb- 
pali, Sargipnli, Knsuniurn and other plaees. 


Lcad-orc. 

The oceurrenee of lead-ore in Onngpur State was known to 
Br. Ball, who staW : 

‘ To lihe nortli of iSiiinhalpnr, near Talpnohia (Talpatia — 21“ 57' : 84“ 1') on 
the Ebo (lb), soino rolled iKibblwH, oonHlHling ol a mixture of oxide and carbonate 
of load, have boon found, Wlimicct tlioy wore originally doiived is uncertain, but 
1 tliink it poflMiblo that Llio matiix may oxist in a Binall hill to the north of Talpu- 
ohia which consietB of fault rock an<i gossan.’ 

On assay, tliis material was found to contain 87*28 per cent, of 
lead.® 

In tho course of tho survey T examined tho hillock of fault- 
breccia near Talpatia referred to above, but no veins of galena wore 
found. But veins of galena occur near Sargipali only ten miles to 
tho north-west. It is possible that tho mineral, aocompanied by its 
alteration product oerussite, has been transported by tho lohha wolo, 
which £owb past Sargipali, into the Ib. 

^ Y, Ball, On fcho diamonds, gold and lead-oros of the Sambalpnr diatilot, Jteeg 
Geol. Surv. Ind., X, p. 193, (1877). 

* 14annal of the Qeolo^ of India, Pt. HI, p. 396, (1881), 
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Old trench. 


A niilo to tlio £jOuih-(‘asi of Siirp^ipali (22’ Ji' : Hir 55') and 
jnM noTtli of tlio lull 1251 i.s a treMirli, ^\l^('ll iw nrarly a uiilo loup;, 
00 frol wido ami up to 20 f(M‘t 11 liaH 

an upproxiniatoly I'ast anti went tn'iul corrt'H- 

pondinp; rouglily U> tlio wiriko of (ho hoIiIhIh. FJosv lon^^ ap;o ilio 
Ironch wan excavatotl iw uoL known, sinot* no out' livitig in Ihoso 
areas has any knowledge of ilw (‘urly hiHtury. Ntdlher in there any 
tradition among the local people nor infonnalion in ihe Wiale rt'cordH 
about its history. It is piobablo thoreforo that it is at least two 
centuries old. 

The country rook is mioa-sehist dipping towards H. 15'^ W. at an 
angle of 4.5“ to 60“. On examining the dumps on both aideH of the 
deepest part of the trench, I found pieces of mioa-sehist with iilms 
and thin onists of malaeliitc. Traces of galena wt‘re present in 
several apeoimens, and in one case a few minutt^ hexagonal erysluls 
of pyromorpluto. About 10 years ago a prospeel(>r hatl sunk a few 
pita iu the trench in search of metalliforous veins, hut none of Ihe pits 
had revealed any. 

About two furlongB north of this trench, and a short dwtanee 
from the bank of the loldia woks, is a long narrow strip of <‘outvtry 
measuring about 4.00 yards by ID yards whieli bus been reetmtly 
brought under rice oultivaiion. The villfigi'cs founil that the pmhlfj 
here grows well at first, but after sotno time, just at or lu^fori' tin* 
appearance of the ‘ ears,* is rapidly parched. 

In excavating the soil and lowering tho level of the field, the 
villagers found small heavy wliito lumps of hankary matcriftl, which 

ParaUdxonc with soil showed me when I was mapping tho 

containing lumps d! lead neighbourhood. Those lumps, on testing, were 
caitonate. found to he made up of lead oarbonato. At 

my suggestion, the State authorities had three pits put down along 
this strip. Though none of these reached solid rook at depths of 
10 to 13 feet, more lumps of lead carbonate were found. One of 
these, when broken, ^owed a core of galena. All those lumps are 
creamy to huff in ooloui, and irregular m shape. IVeshly broken 
surfaces show a pink colour and coarsely crystalline texture (N. 
486), and are also somewhat porous. One of tham gave a spocific 
gravity (at S5“C.) of 6*9, that of pure oerussite being 6*6. The 
lum^ when tested in the laboratory were seeu to co^^sist of lead 
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carbonate with a Iraro of lend anlphatc and a little clayey or ahimin- 
0113 mnttor. No silver could he det(‘cied in them. 

From the distrilmtion of lead carhonato in this zone, it is thonp;h.t 
that it repr(‘S(M)ts the soil derived from the weathered rook with 
veins of ‘galena, Ihe d i-,in1 (*£];» <d ion and alteration of which ejave rise 
to the lmnp^. The ( (Teel on 1h<‘ rice ]>lnnt is to h" attributed to the 
sulphur conlcmt in ihe stih-soil, water from which will ho drawn 
on hy the plants a tew months afier ihe cessation <tf the monsoon, 
hy wliicli time ilie plants i^row up. 

Towards the end of March 10112, Mr. If. D. Clhristian, Superin- 


tendejit of (jlanm)iir Htai(‘, had pits put down in (he long trench at 


ProspeclltKt pllB. 


three localilics scJcct^d by me. Pit No. 1 
was located near Lho western end of the trench, 


about one furlong oast of a small twin. The pit was 12 ft. 6 in. long 


(north and south), 7 ft. wide (east and west) and went down to 22 ft. 
depth from ihe l»ottoui of (.he tnuu-h. Solid mi(5a-sehist was met with 
nil 10 fti. d(']dh. 1’he noilhern portion showes I dark hntiTyoidal Hmonitio 
matter and i.irm slringt'rs of galena (specimen A.), while (ilms of 
malachite (s]K'( ini<‘u H) were met willi in the southern portion. A 
fair amount of water <'ollcctcd al the lu)tt()ni, hut this e-oidd easily 


he baled out. Pili No. 2 was 1(10 ft. from No. I in an K. 20” 8. dirccj- 


iiioTi, the dimeti.sions lahig 10 I’l. (notth mid south) by 6 ft. (east 
and west) and 21 ft. in depth. Near (he foiitlieni edge of the hotiom, 
a v(hi of g.d(‘na 0 in. tliielv w.is imd* with in inica-seliist, Tn the 
aurrouiicling soliist. ilimv W'me lltiii st.ringern of galena and a little 
ehalco[) 3 M'it(' (N. ObH speehiuMi 0). Tlu' middle of the pit was 
occupied hy a thin sill of t.oui‘maline-])egmatit/e, whioli w^as ovidontly 
lesiionaihle for imparting a fair degree of liardness to the Bchiste in 


its vicinity. 

Pit No. 3 was (‘xcavuted at a spot 700 ft. distant from No. 2 in 
an F. 10° »S, dinrtion. It was 17 ft. long (north and south), 10 ft. 
wide (east and wesl), and 20 ft. deep. Tlu' northern portion of the, 
bottom WHS in solid mica-schist while tlu* southeni portion was still 
in debris. A H])ecim(‘n eoiihiining disseminated galena (specimen 
D) was oollect<’ci from tJio schists at. t-lici bottom of this pit. Later 
in the, same summer, some further deepening of the pits was done. 
No. 1 was deepened to 27 ft. without, however, showing any encour- 
aging signs of ore. No. 2 went down to 2fl ft., the galena vein 
persisting and dipping steeply Houthward. Ihe schists at the bottom 
wore quite hard, so that further work would have necessitated 


lastmg. 
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Th<‘ promwiiia; ropiosciilnthT luml spct frotn 

llirsp woro tisHayod iu iht* (Ipoltmir.il Sumpv I.iIhhmIoiv I'V 
Mr. Malmdoo Rain, with llu‘ ftillowin}* rpsnlls; 


Table of Irmhorr from fhr uhf frmrli m'or SaryifHtU, 


— 
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The result of tlie assayH hIiowh tliai tin* ii'cnch and its 
noiglibourhood are well wortli furiher invoHttgutinn. Mr. CliriHtian 
mforms mo that, in tho proHont state of the l)aHP-uu*UU murkot, it 
has not been possible to mtorost mining cotn'oriiH in th<‘ j)r*)|n)Hitiou, 
Should further exploration (•onfirni the proriiH* held oul by the 
specimens examined, the ores in this area nmy he ii valimhh* addition 
to India’s poor resourees in load and silvi'r, 'I'lu* locaility ia iiImiiiI 
17 miles from the railway, and within easy Ttaieli of the (‘oalth'lds. 


Kvmhaheira\ 

Gale^ was reported to occur at Kumbakera (22® 29' : B4® A\* RO") 
in the Simdega snb-divisioE of the Kanehi diatriet. On investigntiou, 
however, the oconTrcnoe proved disappointing, 

A few years ago, the Zamindar of Birti discoviTod a small vein 
or pocket of galena on the nortbem slopes of the hill on which 
Knmhakera is situated, about half a mile to the north-west of that 
village. He had had two excavations made here, close to ouch other, 
one measuring 10 ft.xlO ft,xl2 ft., and the other 40 ft.xlO ft. 
XlO ft,, the length being along the direction of strike of the rooks. 
The ooimtry rook is mioa-sohist dipping fairly steeply towards the 
S. S. E. A thin sill of weathered epidiorite is seen on the S. S. E. 
wall of the larger excavation. Only traces of galena were found 
in the debris in, the trench, associated with somewhat spongy vein- 

0^, aaru. tad., LXY, p. 62, (mi). 
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qnarl.K, 1ml noun wnn fomul in silv. A Hpodinmi (N. 5503) of ihe ore, 
wliicli W!»H ohtninod from il\(‘ iK'athnnn of 1lio villaRo, in ftood rry.s- 
lalliiK* ^alrnu. ATiotlior, wliich waH lont to mo for (‘xiimination, 
Hlio\\t‘(l ^ralona in aHHooiiilion with voiii-()iiartz, tlio contact botwooii 
tli(‘ two ininorals wliowin^,^ u llihi tiliii of chlorite hi places. Informa- 
tion j»Htlior<*d locallv went to show that a small p;nlona vein ont- 
croppi'd at the place now inarkecl by the sninllor of the two pits. 
This, when u]), was found to be noiiliing more than a lens 

(ir f)ochct, yitdding only about 300 lbs. of galena. The larger pit 
was opmHMl up liy the Zamiiular in tlu' hope of finding more ore, 
but with negative result. As there was a complete absemeo of 
further indicat ion.s in th(‘ neighbourhood, when 1 visited the area 
in J!)30 and 111351, it may be conclufled tliat the original occurrence 
was of the nature of a sjioradie poi'ket and ilialt tin* jirospecls of 
finding more oit are })o*u\ 


Pyrilcs. 

About two fiirloiigs to llie north-west of narl-oli (22" 20': ftl" /ir>') 
a zone of peril e impregiuit<'d mien sehist was found on tht‘ bank of a 
Hinall slreani. In April, 1051(1, when 1 vislhsl this area, this occur- 
retic<‘ had been opiUied up by the fiamindar of Him hy ti shallow 
trench measuring Ifj ft. '/'I rt,x4 ft. The mica -M(d list is imjm'giuitcd 
heavily with tine-grained pyrih's for a width of four to five feet, 
and Jilwi eotit-ains a few veins of the samo mineral rar(‘ly exceeding 
one inch in widtJi. Tin* pyrite (‘xtendod along the, strike of the 
schists. At the surface, the. Hchist containing the pyrite had 
decomposed tfi a grey ehty with efllorescencc of white alum, A 
spccirntm from this oeeiirrenee, when test<*d for gold, showed only 
a tra(!e of that met^il. laiter on f learnt that th(‘ trench was con- 
tinued along tho strike of the rcKjks and was also cleepcnod. But 
after a <liHlun('e of u few f(‘et. in either direction, tlie pyrites content 
diminmh<‘(l rapwlly and diHiip]M*ated. ‘Further work on this was 
abandoned ns the flrposit was (oo Htnnll t/o be of any ccononiio value. 


Diamonds. 

feJatnbalpur is known to have produced diamonds, tho beet known 
locality being the Heera Knnd in the Mnhanadi, a few miles above 
Samhalpur town, Dr, Ball, who had gone into the question 

IT 2 
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of tlx© occurrence, found that the lb wus not ti contribiiLor of this 
mineral, but added*^ : — 

‘ It should ])(> .(talfid, lumo\ur, thal oiio of iho Irihulniiu, id tlio Rhu, Iho hdm, 
far avray in Clanf^piiv, is Hiiid t<' jiiodut'o <liuiuo!ul<, Init llio m't'd'i foii" 

llrmalion l^oar its souicos, far mv.'iy in Clmln Nrtt'i>nr* I liavu humd of Ujo 

Ebo Hpokon of oh Him nrul.' 

Two pebbloFi, BUBpect(*d io bo diamonds, siro Bsiiil io have boon 
found by fiahormcn atxd j»ol(l-\v«BboTB in llio lb vivor noar (Jnilo 
(22® IG^; Bi® B') about 2r) or GO yoiXTs ny,o, and pn'soniotl by Ihom 
to the late Raja of the Stnt(‘, Tho Hionos aro said b> bo in ibe 
treasury of the Si-otc, bub it is not bnown if they nco gonuine 
diamonds. 


REFRACTORIES. 

Kyatiilc, 

Kyanite occurs in aRSooiaiioii with v<'iu-(iunTi/, in many jiIikm'R 
in the area under coiisidoTation, but all ihc' ocouvronoca afo coin* 
paratively small lenses nml of no eeoiiomic \alue. Tin* followinfj; 
may be mentioned, fcjoutli <>f the villane of Waljnr (22" 12': f^l" 
27') thoro is a snmU lenticular area oloae to tlio (bingpui'* Ranira 
boundary. A somewhat larger mieurrenee was ind<‘<l at a locality 
about half a mile south-west of iCoduniunda (22® 2H' : H4® 22'), 

adjoining an exposure of iromolitc-sclust. f^cveml small leuw'S hnve 
been observed near Gboiiajor, Kumbakera and Alapjika. 


Sillimanite. 

The occurrences of this mineral are also very restricted and only 
of academic interest, as in the caso of kyxxnite. In the hills com- 
posed of quartzites and quartz-schists south of Kahobna (22° 4' : 
84° 31'), bundles of fibrous sillimanite occur, the mineral forming 
about three to five per cent, of the rook. As the mineral is mostly 
microBOopio in size, I have not been able to determine the extent 
of the deposit. 

Sillimanite occurs as an accessory mineral in soma of the gainetx- 
f^ons gneisses, bat these are of no economic value. 

^ Gaol, 2E, p. 180* (1S77). * Him ’ ia tho Hindi word for diMHor^f 
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The Bara Tear occuriiii^ in the llimgir vainindan are locallj^ 

of good quality and coji bo naod an fire-clay. One such exposure 
occuTH near Kiriwcra (Ur^ 60' : 47') covering an area of at least 

700 yatda by 200 yavda. A h])('ciiiUMi collected very close to the 
above villHg(‘ ])OHheHiiC‘a ])lahticily and iw resistant to heat at IdOO'^Ot 
It is light grey in colour, bidi on burning becomes nearly whito, 
cont-racting Iry about 20 pei' cent- in vohirno, I have, however, n(o 
data about tJie tld<-kness or variation in quality from placo to plm.e. 

C)th(T plac(*H in tin* slrij) of Talehirs and Barakars bordering 
on tbc boundary of tlie metainorphu's are worth investigation as 
to tiro quality of the cLiyt» nvailabh'. 

Tlirf ‘0 speeinu'ii.s of ejay, colfi'cted at Bimiitrapur from the stiaia 
between tb(‘ liinestoirn and (qiidiorite, in tiro railway cutting between 
the Manipahar and (liirjraliar, are also fire-tdays. The shrinkagn 
in volume varies betwemi 21 |H‘r eent. and 39 ])cr cent. Tho 
original colours of the s}H'eiiueus wdrieli were b'sted were white, 
wldt»o witli pitdv streaks, and bluish grey. On burning, these became 
respootividy, whiU>, w<Kid-br'owii and lavender groy. Those aro also 
worth further invr^stigation. 

Kaolin and white day» 

Pocketfl of kaolin are frequent-ly susociatod with exposurcB of 
pegmatitic voinn an pfralur-ts of dcromposition of tlu* h'lspnr* Even 
the best occurrence, vii,, that near Mnnjapara, is of small dinion- 
aions and can yield oidy a snrall tonnage. Ohandoko^ has dcflcribed 
tiho Manjapura oe(‘urr('ne.e, wbecc the felspar V(‘mH iu pegmatite 
have been completely kaoliniserl. An averagrj sample of the kaolin 
gave, on anal) sis ; 

I'or wit. 


«i(>s ^fi.07 

AlfOji .W*17 

CaU {)*6li 

MgO .It. 0*31 

n j|0 ..I,.....* 12*24 

Na,0, KjO 0*3(t 


flfl ‘00 


^ D. P. Ohandoko, “Noto on tho Ktiolin dopoaitfl noar Manjhapara, Ctaagpor Stato. 
Trans. Min. Ocol. InsK Ind., XXVll, pp. 145-162, (im). 
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Tho clay posacHfacs poor plaatioiiy aurl (‘-vuiubloa on Imriiitijf nt 
14.00°(J., Avitliout showing any signs of fusion. Jt onn bo u.si*(l ns u 
' filler ’ and also for coraiiiic buiiios it mixed with fidspar. 

From what can l)« scon on the surface, tlio (l(‘posit is irrcgulnr 
and of small sizo, so that it imiy be expected to contain only a few 
hundred tons of good kaolin. At prusoiil, 1,ho villngers scoop out 
tho kaolin at oonvonient spots and use it for the wliil^washing of 
houses. 

The Barakar sandstones urouutl Amatpani, and <‘S])eeially at the 
head ol the valley one mile tf» the north-wi'st of tlu* village la'ar 
tho llaigarh border, contain good white kaoUnic elsy a.s the matrix. 
A sample collected from hero was crushed iiud elutriated in tlie 
Geological Survey Laboratory, yielding 17*8 per omit, (by weight) 
of white clay, and 82*2 per cent, of good clean (jiiartz-sand. The 
clay is plastic and retains its coloiu* when liiirnt jit J400'’G., wibliout 
showing any tendency to fuse. It becomes quite hard luib eontrae.ts 
by about 12 per cent, of its vohuno. Thougli I liad no ciiportiiuity 
of making any reliable estimate of the (piantiiy availabh*, I should 
think tho deposit will pay to work for its kaolin and (piartz sand. 
Tho location is however not v<‘ry fav<nirablt‘, since it is t>vei' 2l> 
miles distant from tiie railw.iy, and w^paruted fr(»m it by a strip 
of rather hilly country. 

Adjoining the carbon-phyllifco bund at Kundrugutu (22" 21’/: 
84° 56') there is a band of nearly white shale which (‘xUuids for 
about 300 yards along the strike, on each side ol tho Deo river. Its 
exposed width is variable from place to place but an average widtJi 
of 50 yards may bo taken. In tho same stratigraphietd position, 
a thin band of similar material was found further east, and also 
near Kardega (22° 26' : 84° 47') and Baraibera (22° 23' : 84“ 40'). 
A speoimon from the Kundrugutu exposure proved to bo a fairly 
good kaolin, and tho deposit is potentially useful. Some of it may 
be useful os a ‘ filler,’ after washing and separating the gritty 
admixture. 

Black carbonaceous phyUUe. 

The two carbonaceous phyllite horizons in tho antiolinorium, 
as well as tho bands of tho same rock oocmiriiig in the south-oasiorn 
part of the area in the Iron-ore series locally, contain soft black slialy 
rocks which can be used for making black paints. Buck rocks have 
been used for this purpose in recent years. Near Hetpos, Amghat, 
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Kuinarniuiida, Kacliaru, Karimati, Kulagoja and oibor 

])lfi(*(‘n, vciy (jiiaiititios of tliia rook aro available, and nhould 

tliih material Ix' found Huitable on trial, the quantities obtainable 
may bo ooiisidju'ed inexhaustible. 

Barytes^ 

Tlien* are two oeourr(’uce.s oi burytt's in this area, one near 
K(»l|)o(ka (22^^ 21' IJO" : 85” 5' 50") in Sinfi;hl>hiim and the other near 
Khaiaiifftola, ulxiut a mile- io tlie north-west of the former, and 

within the borders of (huiftpur Htabi. 

TluJ Kolpotka oeeurreiice**^ is found about half a mile to tlio south- 
west of (-hat villiif^e (ju <*i1her side of a small valley. Tlio barytes 
(M, !)()(>) oeeui’H in uiuistomoHinp; veins in jniea-schist. The southern 
zone is about 500 yards by 150 yards in exi(mt. The veins R(‘iicrally 
follow tin' foliation planeH of tlie imea-HcJiists which hero dip 

towards ts, <I0"K. at an aiii^le of about 70". Part of the country 

rook is also rej)hi('(Ml l)y the barytes and by arcoinpanying limonito. 

At the time of niy visit lute in 1927, an op(‘ii-east quarry in this 
(h'posit was lu'iiii^ W(>rke(l by Mr. S. H. Ou/dar of (laloiitta. The 

V(‘in mab'rial was ))r<»keji by hainl to lumps of one to two inches in 
Hwe. Only (he lu'st VNliile luiiips were seh'eled for expoH to 

CaU'idla, l-he staiinMl jtortions h(‘mf» rejeeb'd at tin* (piarry. The 

exportable quality formed only about live to seven jn'r cent, of the 
veinstul!. At the t-ime of my visit, the hvbour force consisted 
of ID })orst>UH ineludiiif^ women, and the daily output was between 
two and two and a half tons, wJiicdi whs railed from the Jaraikela 
station of tin* Ib N. Railway. The ((uarrying operation, s apparently 
ceased in the following ye>ir. 

The northern zone, which was located about 500 yai'ds north 

of the above, was mark(*d by tlir<*e or four small pits showing poor 
mineralisation, 1 gathered tliat there was no pro(lu(‘tion from this 
zone. 

The second ooourrcnco® is about half a mile east of IChatangtola 
(22® 22' ; 55® 4'), In April, 1931, when X liappcned to visit the 
place, the deposit was just being opened up by Mr. W. S. Young of 
Kalungu. There is a small rise in the ground extending in a noith- 

^ tier aim, A. L, (loulaon, JUarytoM in the Ceflwl Ditrlricta of Madras, with notes on its 
ooourrenoo in othor i>artB of India. Mam, (/eoi. tiwo, USXV, Pt, I, pp. tS, S3, (1333 ). 

* Bee. Oeol. Sure, Inti., hXlL, p. 31, (1928). 

• Bee. Cfwl. tiurif. Ind., LXVIX, p. 24, (1988). 
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west — south-oaHt direction for about a luindrod Vtirrl's. A voiii of 
barytes, about three foot thick, was oxjhhcmI in a sliallow j)it uiulor 
an ovcrbuTdcn of barely two foot, 'riio vein <‘oimiitcd of iiood 

barytes (N. 4.88) with a small nmoiuit of qiuirlz, (Iio litaoiiilo .sUiuins' 
being loss conspicuous than at Kolpolk.i, Alsnit 50 pi-r o(‘ut. of 
the barytes recovered wiis of the best exportable (piality. This 
Booms to have boon worked only for a lew nioiiths in lUUl and 
Mr. Young informs luo that tlio total tjunidity export eil from this 
quarry was 446 tons of iinifortnly (‘x<‘(‘lleiit grade. At the tim'‘ 
of stopping work, in. July, 1932, the qu.iny was 120 feet lotig, 51) feet 
wide, and about 18 foot deep. It is expected to bi‘ re o])i«iu*d soon. 

The specimen of baryU'S (N. 055) said t.o liave come from 
a locality two milea to the cast of Gaepos station iu Bamra Stated 
has Biuco beeu asoertaiuod to Iiavo been o1)tain(‘d from Khataiigtola 
by a local man who expected to benefit by imparting the false* inform- 
ation to Mr, young. On investigation, Mr. Young found tJiat tho 
alleged find was a hoax. 


. Red ochre, (Red Iron Oxide), 

In tho chapter describing tho (irondwanas, a Imntl eousisting 
of vitrain and ochre (13/188) has l)e(Mi ineutiomsl ns oc<!urring iu 
the coal exposure iu the ikiisundar mlu above its eonibienct* with 
the Jhajia mla north of (lopalpur. Tlui ochre baud has besen 
followed from the above exposure alojig the north('Tu bank of tho 
llaisundar to a point south of Tiklipara, i.c., over a length of luwly 
a mile and a half. The thickness of this band varies between 9 and 
12 inches. When exposed nt the surface the ochre is red-brown 
to orange-red in ooloui, but freshly broken lumps are bright cherry- 
rod, soft and powdery (N. 486 and 487). Tho apparent density 
of the material, determined on pieces covered with a tliin layer of 
paiafifin wax, was 1*82 to 1-90 (aborrt 118 lbs. per cubic foot or 19 
cubic feet to the ton). Assuming, for the workable portion of the 
deposit, a length of 1 mile, a width of 160 ft., and an ofi’eotivo 
average thickness of ft., which are belle vod to be quite consoT" 
vative, the available quantity works out at 13,896 tons (or say 
14,000 tons). The qn^ty of "the pigment is good, as most of it 
passes 300 mesh and has a colour corresponding closely to *maho- 

^ A« li» Coolson, loc, gU,, p. Oji. 
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j^uiiy rotl ’ ill lUdgway’s^ olaasifloatiou. A sample of tlio ‘ oclire ’ 
was aualys(*(l with, tlio result given below : — 


Taule 2(). -Analyses of 

‘ red oxide ’ 

pigments. 



A 

B 

C 


iVi oeni;. 

Pci cdulj. 

Por c ('ut. 

HiOi 

I-fil 

lS-7 

5*3 

Aho, 

l-n2 

2-8 

1-7 

EcjOj 

87-72 

72-.T 

01 0 

MgO 

tiaoo. 

2-6 

Nd. 

C.iO 

tiaoo. 

0*7 

Iiacu. 

Lose uii Iguilion ..... 

6-46 

1-0 

1*3 

Aloicturo ....... 

3-00 

1*4 

0-5 

Total 

100*14 

00*85 

00*8 


A. H‘(l oxido from (JfvnRpur Htato. 

U. locl oxulo troin tlui Buflian Q«K roRion. 

0. I’utpJo ojudci (OlpliPit’H oxide) from Central Provinrea. 


The a])ov(' uiialysis (A) shows that it is a high-grado hydiatod 
oxide of iron. 1'bough iliG two constituents, vitrain and oohre, 
occur mixed to soinc extent, somo portions show the oohro foiniing 
the major })Oi*tiou of the baud. It is thought that the two consti- 
tuents arc amenable to (‘.isy beparaUon, since the ochre, being heavy 
(true dtmsity over 3-f)) and powdery and easily disbitegratiug in 
water, can be separated to a largo extent from tbe lighter (density 
1'35) and coarser carbonaceous matter by a suitably devised process 
of washing and sotlJing. 

The IJingtr sandstom*, which ocoupics the greater part of the 
Himgit Zamindarif contains oehery material in the groundmass, 
and also as iiockots and thin scums. In the course of mapping, 
I observed such matoiial in and around the town of Himgir. A 
specimen (P. XI, 6004) received by this Department for determination, 
from the hill near ICund (22® V : 83® 42') was a dark, compact, 


^ R. Ridgway, Colour Htandavda and colour nomenolature. New Tokr (1010). 
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chocolate coloured, rather gritty material, which improved in quality 
on grinding and washing. It is thcrelorc likely that careful examin- 
ation of these sandstones will reveal small workable deposits of 
good ochre. 


Soapstone. 

There are only two inaigniheant ocoun’ences of talc-sohists in the 
area, one near Katepur and the other near Jarmal. At the latter 
village a small exposure of soapstone was found on the banks of a 
small stream draining into the Sapai mdi. A well sunk in the 
village met a thickness of some four to five feet at a depth of 20 feet. 
As the neighbourhood is covered by thick soil, the extent and 
thickness of the stone could not bo ascertained. It is however 
thought that the deposit is not of much importance. 

The Katepur ooourrence is quite small and consists of a rather 
fibrous antigorite variety. Its surface extent is only about 40x8 
square feet. 


Ironstone (Limonite). 


The several patches of laterito occurring in the area contain 
lumps of impure ironstone. Such are particularly common on the 
limestone and epidioritc exposures. Though of no economic im- 
portance at present, they seem to have been used as Hoiirccs of 
iion-ore formerly, when the local needs of iron were mot by primi- 
tive smelting in all parts of the country. In many places I noticed 
the presence of ancient slags, which bear evidence of local smelting 
operations. The industry became extinct during the latter half 
of the last century,, when iron from Europe became available to the 
people. 

Quartz and quartz-sand. 


The whole area is full of quartz veius of different dimensions. 
A few of these, large enough to he mapped, have been shown on the 
Vetn-qnaitu aocompanying geological map. Those occurring 
near Bamra,, Damdapara near Birmitrapur, 
Eichinda, Haldipani, Malaara and Targa may bo mentioned 
.as practically pure masses. They may be useful as a source of 
qnsurbz for oeramic and other purposes. Some of the occurrences 
ace however associated with tourmaline. 
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Quartzite. 


The quartzik?s forming several of the hilTa are nsually impuio, 
micaf'eous and ferruginous. Paiiicular bands or portions arc 
sulhciently pure to serve as sources of silica. 
For example, a part of the hill about a mile to 
the bouth-wcbt of Jora (22° 1' : 84° 39') is exceptionally pure 
quartzite and contains only occasional grains of kyanite as an im- 
purity. Quantities running into several thousand tons should be 
easily available here. 

Komc beds of the Barakar sandstones near Aniatpani contain 
exccllenL high giadc quaitz-hand in a matrix of kaohn. The sample 
from which kaohn was separated and tested 
{sea p. 174 under kaolin) showed 82 per cent, 
of quarlz-saud which contained only 0-2 per cent., by weight, of 
other minerals. This deposit should prove to bo a source of good 
glass-sand and kaolin. 


QiiaitZ'Saud. 


Felspar. 

Pegmatite veins containing very coarse masses of potash felspar 
(orthoclase and niicrocline) arc very abundant m the regions border- 
ing on the granite expobures and in the extensively gxanitiaed area 
aiouijcl Durlipali, tSargipali, Ghantbur, eto. These should prove 
useful for supplying the needs of a ceramic industry if one should 
be started near about this region. 

Muscovite. 

Associated with the pegmatite veins, there arc small ‘ books ’ 
of muscovite mica in several places. Near Ghoriajor, Tangarmunda 
(between Bainra and Garpos), Potatangar (22° 0' : 84° 33') in Bonai 
State and a few other places, * books ’ up to three inches in diameter 
have been found, But as the mineral is full of flaws and of small 
dimensions, it need not be considered to be of economic importance. 

Building stones. 

Qrcmie. 

In the main mass in Eaiichi and in its offshoot around Talsara, 
the granite is a medium grained and equigranular rock of white to 
light pink colour, suitable for dressing as building stone. The 
bosses around Bkma and near Itma arc also suitable where not out 
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up too much by coarse pegmatitio veins. The exposures of pint 
granite-gneisa near Jara will also make good building sbonos. 

Qvariz-schist. 

Moat of tlie areas marked as quartzites and quartz-schists on the 
map contain enormous masses of micaceous quartz-schists, which 
can easily be spht up into slabs along the pianos of foliation. Such 
material occurs in the hilla south and east of LiCripara, and also 
in the hillfl two miles north-west of Ujalpur. A small quarry was 
operated in the latter by the Gkngpur State for paving stones to bo 
used in houses at Sundargarh. Some of the slabs quarried here 
me^ured five feet hy three feet and one to three inches in thick- 
ness, the thickness of each slab being uniform. In 1Q31 I noticed 
several cart loads being sent to Ujalpur and Sundargarh. 

The coarser and less uniform grained rooks are also used locally 
for building the piers of the temporary culverts and bridges and 
as protective embankments alongside Ihe stream banks. Such rocks 
can be had in abundance in practically bU the hiUs composed of 
qnairtz»sohists. 

LiTnestone. 

The impure bands of limestone from the marble beds have also 
been used as building stones, near the different quarries. At Birmit- 
lapur, some houses, and especially the huts of the labourers, have 
been constructed of limestone. 


Slale. 

The carbon phyllite band locally passes into fissffe slate in some 
places (a.p. near Hetpos, Talsaio, Kumarmunda, etc.)> 

Thin ^bs, up to six feet long and less than an inch in thickness, 
have been oleav^ out of these and used as fencing and paving slabs 
in some of tbe villages. Much thinner slabs can be easily split 
ficom some of the exposures, and material suitable for school-slates 
has also been occasionally observed. Large quantities of slate 
suitable for use as paving stone are certainly available, though 
finer qualities lure probably of very restricted distribution. 


Lotente. 

There are patoh^ of lateritised rock in many places in Gangpur 
State* These however ace generally superfioial a^ do not es^nd 
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to any depth. No attempt seems to have been made to use this 
material for building purposes. 

Ttoad metal. 

Though granite, gneiss and epidwuito are available in several 
parts ot the area under eons id oration, they have not been used in 
road making, Tlie joads eonsi->t of on oailhou einhanlcment which 
IS Biufaced witli ‘ tnoram ’ or lateuitic giavel. When this material 
is good it consolidates into a sound. Fairly hard and smooth surface, 
the hmonilic constituent acting as the binder. The loss important 
roads are nothing more than mere eaith embankinents which are 
easily cut up by any good shower of rain. 

Soils. 

Tlie soils of tbe area eau generally be elassitied under ‘ red soils ’ 
derived from llie miea-s< bisks and granilic gneiss. The mica-schists 
arc excellent soil-fornieis and support a laige population on agri- 
culture. Tlie low [ilains nntl slro.iin valleys are cultivated, rice 
being the ehief crop. The granite nreus are geiiernlly rocky. The 
cpidiorite bands frerpienily give lihC to a lieh red-brown soil, which 
supports ‘<lry’ <‘rop,s. 

The area under iigiiculture has steadily increased during the 
past ei‘ntury at the (’X])ense of the niaguiijl^mt forests which once 
covered the gieatiT part of the region. Owing to the absence of 
irrigation worlts, only a single crop could be harvested per year 
except in some of the stream valleys. The oncroachmont on forest 
areas has been gi'eatly robtrictod diuirig the last decade or two after 
the adoption of modern methods of forest conservation. 

Notb. — A little mldilionat inf ounation on the miuoials of Gangpur will bo 
found in, tho disonssion ot my paitor on * the economic minmals of Gangpur Slate ’ 
(Travif, Min. Qeal, Jiiftt, I XKX, l*i. 92-10? , (1036). f have also heaid 
that bomo books ol mica, up Lo two Iit L in dUmetei*, weie ioimd m pegmaiite 
uoAr Saraggarh. — M. S. KU 
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FIG 2 EXPOSURE OF FOLDED MARBLE, NEAR PURKAPALI 
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Memoirs, Vol. 71, PI. 3. 
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FIG. 2. GRANITE BOULDER SHOWING DENDRITIC SEGREGATION PATCHES OF 
TOURMALINE, NEAR MARAROMA, 



FIG 1 SILLS OF PEGMATOID GRANITE INTRUSIVE INTO MICA SCHISTS, AT THE JUNCTION 
or THE IB AND THE SAPAI NEAR BHASMA 




M. S. Krishnan, PhnUs. -S'' ^ - CalcutU. 

FIG. 2. FINELY FOLIATED MICA-SCHISTS IN THE STREAM ONE MILE NORTH OF NUAPALl. 
(Locality near that oTflg. 1). 
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FIG. 2. FOLDED GONDITE AND QUARTZITE IN A SMALL QUARRY ADJOINING 
MOHALGARHA NEAR MANOMUNDA 
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FIG. 2. 

FIGS. 1 & 2. LIMESTONE QUARRIES AT KAPLAS NEAR BIRMITRAPUR. 
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FIG 3 BLANFORDITE-RHODONITE QUARTZ ROOK FIG 4 BANDED CARBONACEOUS QUARTZITE 
WITH A LITTLE FELSPAR AND BARYTES FROM FROM METROS (X36) 

A QUARRY NEAR MANOMUNDA (X 24) 
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FIG 3 TREMOLITE DOLOMITE SCHIST WITH 
PHLOGOPITE, PURKAPALI (X 24) 

T— Tremolite , D— Dolomite , 

P— Phlogopite 


G S / 1 Calcutta 

FIG 4 CRYSTALLINE LIMESTONE WITH ALBITE, 
RAIPURA (BIRMITRAPUR) (X 16) 

A— Albite 
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ne. 3. SAME AS FIG. 2, UNDER CROSSED NICOLS TO FIG. 4. OALC-GNEiSS ^HYBRID BETWEEN CALCAREOUS 
SHOW MICROCLINE. (X 24). ROOK AND GRANITE) WITH BLADED AND 

M-Miorocline. SKELETAL CRYSTALS OF ACTINOLITE, 

ZOISITE AND QUARTZ, NEAR 
HATHIBANDHA. ,(X 24); 
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1897. Pt. 3, 1901, Uop 1034. (pKfl Uo 14 As); Soismio phonomena in 
Britiah India, and Choir roiinoi iinn ivitli ils (iotdogy, Pt. 4, 1911 {price 
1 Bo.) : Qoolugy of Aiul iman Inlinds, with lotoioiuo to I^iooborg, 

VoL. XXXVL Pt. 1, 1004 {piire 4 Kb.); floology of Rpiti. Pt. 2, 1007 {price 3 Kb.) t 
Qoology of PiovIncoR of Twing nnd 1) m Conti al Tibet. Pt, 3, 1012 
{plica 3 Be.) : '[nan of tho Himalayas. 

Voirt XXXVn. 1900 {price of compute foliiwe 8 Us ) * M nmniiso Oio DopoBits ot India : 

Pt. 1 {out of print) (jpricr 3 Us.) ; ruliodiutionondMinoTalogy; l*t. 2 
(out ofpiint) (price 3 JRb,): OooJogy ; I’t 3 (out if jifint) {prtce 3 Kb.) ; 
Bconomioa and Mining; IM. 4 {out of punt) {price 0 Bb.): Doscription 
of UepositB. 

Voi*. XXXVni. 1010 (out of ptint) {price 6 Rs ) : K.ingra 11 uthmmlco of 4th April 1006. 

VoL. XXXIX. Ft, 1, loll {jMtir 2Bs): Ooology ot Noilhoui Afghanistan. Pt, 2, 1013 

{out of piint) (priie 3 Bn): Ooolugy ui Nmlhoni Mian RIates. 

Vot. XL. Pt. 1, 1012 (out of print) {priet 6 Us) • Oil holds ol llmma. Pt. 2, 1014 

(jwtVf 3 Bs.) : Pstiolenm Oonuiomos (tf A«sun and Bongal. Pt. .8* 
1020 (o«f of print) (pttee G Rn.) ; Potiolouni in tlio I'niijab and North- 
West Fiontior Piovuiui. 

Vot. XLI. Pt. 1, 1013, Uop. 1923 (pnVi R Uh.)' ('oat finldH of India. J»t. 2, 1911 

(jirice 3 Bn.); Cleology and Coni Uoiointiw of Koita Rtuto, Contra! 
ihovlnioH. 

Voi.. XLII. Pt. I, 1014 (prirt 3 Us.); Biiiinu Watlh(|inkoN <d May 1012. I’l. 2. 1017 
(pi ice 3 Bs.) I Tho stun turo ot tho IlimulaynH and tho (Jangoho Plain. 

Von. XLIII. Pt. 1, 1913 (out if print) (/nice 2 Us,); Indian Ooologual Toiminology, 
Pt. 2, 1010 (/ntte 1 Uo.): Cataloguo oi MolooiiloH in (ho coUoction of 
the Goologicul Burvoy of Itulu, Cab utia. 

Von. XUV. Pt. 1, 1921 (piice G Bs.) ; Qoology of Idnr Rlalo Pt. 2, 1023 (jinVo 0 Bs. 
8 Ab.) ; Geology and Ore IJoiiosits of Tavoy, 

Von. XLV. Pt, 1, 1017 (owf «^ 3 M"i«f)(j»»cr 3 Ua ) : Qoology of North BastornBajpniana 
and Adjacent Distdota. Pt. 2, 1022 ( jmet 3 Ub.) ; Gwalior and Vindhyon 
Systems in South-Rostem Bajputana. 

Voii. XLVI. Pt. 1, 1920 (piice 3 Bs,); ffrimongal Raifhquvio of 8th July 1918. Pt, 8, 

1920 (price 2 Bs ) ; The Ontch (Kachh) JEarthqnako of 16th Juno 1810 
with a royision of the Gioat Eaithquaho of tho i2th Jimo 1897. 

Voii, XLVIL Pt. 1, 1920 (price 3 Bs.) ; Mines and Minorol Bosoutoee of Yunnan. Pt. 2, 

1923 (price 4. Bs.) ; Tho Alkolmo Lakes and tho Rnda Industry of Sind. 

Von. XLVluL !Pt, 1, 1922 (prifs 6 Bb.)» Geological Notes on Moeopotamla with special 
refmonoes to Oceaaancea of Potroloum, Pt. 3, 1026 (pt^ 3 Bs. 12 As.) t 
Geology of Ports of the Persian Proyinoes of Pars, Ketmwi and Laristan. 

Von. XUX, Pt, 1, 1023 (prke B Bs. 8 As.) j The Bau'dto and Aluminoua lAterito occur- 
reoaoea of Indio. Pt. 2, 1928 (priae 7 Bs. 12 As.) ; He Vomer Glaciation 
of the Bast Lidar Vhney» Hnshmir* 
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L> Ft. 1, 1026 (price 6 Bs. 6 As.) : Dusotiptioos of Mollusoa &om the Post- 
Eocone Tortiaiy Pormation of North-Westom India: Cephalopoda, 
Opisthobniuohiata, Siphouostomata. Ft, 2, 1928 (price 6 Rs. 10 As.) : 
Desoiiptions of Mollnaca from the Pos1>-Eot>ene Tortlaiy Formation, of 
North- Wostoin India: Gastropoda (in part) and Lamellihranohiata. 

VoL. U. Pt. 1, 1920 (price 2 Rs. 8 As.): Indian Geological Tonniuology Ft. 2, 

1928 (price 7 Rs. 6 As.) : Ihe Geology of Poonoh State (Kaabniir) and 
Adjacent Portions of the Punjab. 

Voii. Ln. Pt, 1, 1926 (price 7 Ra. 8 As.) : On tho Geological Structure of the Karan- 

pnra Coal-fields, Bihar and Oiiasa. Pt. 2, 1929 (price 6 Rs. 8 As,) : Tho 
luminous Re^otory Materials: ELyanite, SllLimanite and Oorundum 
iu Northern India. 

VoIm LTTT. 1928 (price 4 Ra.) : The Structure and Correlation of the Simla Rooks. 

Voi,. LIF. 1929 (price 12 Ra. 4 As.) : The Geology of North Singhbhmn including 

Parts of Ranchi and Manbhum Districts. 

Vot. LV. Pt. 1, 1930 (pries 8 Rs. 2 As.) : The Geology of the Meigui District. Pt. 2, 

1933 (price 5 Rs. 4 As.) : The Gaologj' of the part of the Attook District, 
irest of Longitude 72** 46' E. 

Vuih LVI. 1930 (price 8 Rs. 12 As.) : Tho Jharia Coal-field. 

Yoih Lvu. 1931 (price 9 Rs. 4 As.) : The Natural History of Indian Coal, 

VoXt. LViU. 1931 (price 0 Rs.) : The Gondwana System and Related Formations. 

yoL. TiTT. 1934 (price 8 Ra. 4 As.) : The Lower Gondwana Coal-fields of India. 

VoIh LZI. 1932 (price 13 Rs. 6 As.) : The Geology and Coal Resources of the Raniganj 

Goal-flold. 

Von. LXH. Pt. 1, 1933 (price 4 Ra. 2 As.) ; The Pyu Earthquakes of December 3rd and 
4th, 1930. Pi. 2, 1933 (prvx 6 Rs. 4 As.) : viudhyan Sedimentation in 
the Son Valley, Mirzapnr District, 

Voii. LXm. Pt. 1, 1933 (price 7 Rs. 8 As.) r The Geology of Sirohi State, Rajputana. 

Pt. 2, 1934 (pries 7 Rs. 10 As.) : Tho Iron-Ore Deposits of BiWr and 
Orissa. 

VoL. LA IV. Pt. 1, 1933 (price 3 Ra. 14 As.) : Borytos in the Ceded Districts of the 
Madras Pr^doncy, with notes on its occurrences in other parts of 
Indio. Pt. 2, 1034 (price 3 Ra. 8 As.) : Asboatos in the Ceded Distiiots 
of the Madraa Presidency, with uotea on its oocurronco in other parts of 
India. 

Voti. LXV. Ft. 1, 1934 (price 4 Rs. 6 As.) : The Dubri Eartbqu^e of the 3rd July 
19b0. Pt. 2, 1934 (pries 4 Ra. 12 Ab.) ; Tho Geology of Central Mewar. 

Yoii. LXYI. Pt. 1, 1935 (pries 6 Ra. 8 As.) : Tho Natural Qas Resources of Burma. 

Pt. 2, 1086 ^ics 6 Rs. 6 As.) : Geology of the Northern Slopes of the 
Satpuras between the Morand and Sher Rivora 

Yol. liXVli. Pt. 1, 1034 (price 3 Rs.) : The Baluchistan Earthquakes of August 26th 
and 27th, 1031. 

Vole ItXVm. Pt. 1, 1936 (pries 7 Rs. 12 As.) : The Geology of Eouth-eostem Mewat, 
Rajputana. Pt. 2, 1936 (price 4 Rs. 12 As.) : The Tertiary Igneous Rocks 
of the Pakokku Distriot aud the Salin^ Township of the Lower 
Ghiudwin Distriot, Burma, with special reference to the Determination 
ofthoFolspais by the Fodoroif Method. 

Voii. LXTX. Pt. 1, 1036 (pries 0 Rs. 8 As.) : The Mineral DopoaitH of Eaatom Binghbhnm 
and Burrounding Areas. 

Yoii. LXX. An Attempt at the Correlation of the Ancient Bohlatose Formations of 

Peninsnlar India: Parti, 1936 (price 1 Re. 4 As,). Part £, No. 1, 
1936 (pries 2 Ra. 4 As.). 

YoXh 71. (Price 9 Ra. 12 Aa.): The Geology of Gangpur State, Eastern States. 

VoXh 72. Pt. 1 (In the Pr&ta) : The Geology of Parts of tho Minbu, Myingyan, 

Pakokku, and Lower Chindwin Districts, Burma. 

Contents and Indes to Memoirs Yols, I-LIY (1932). Price 6 Ra, 4 As- 
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PALiEONTOLOGIA INDICA. 


(Shr. T, lit, V. VI, Vni).— CRI'TTAGROUS PAD NT V ()!•' SoimiRUN INDIA, by 
F. RTOJ.KJ^IKA, cxrxpl Vor.. I, J’p. I, hi/ 11. P. I’.h VNPOUl). 

8 no. 1 & III. — VoL. I. Tho CophnUtpodn, (lHfil-05), pp. 21('», jili. lU (0 double) {out oj 
print). 

V. — VoTj, it. — T lu) (UHtrojioil.v (18G7 08), jip. l!l)0, pli. 28 (mit fij print). 

VI. — VoL. TIT, Tlvo Polocypodii (1870-71), pp. Xvii, 087, pl^. f)0. 

VUI.— VoL. IV. Th(i Itr.ichiopo<U, ()iliopr>(l.i, MiUuu'iiuriil.itn, C'oimIs, ole. (1872- 
7.1), ]ip. V, 202, ph. 31). 


(8m. 11, Xt, XIL)— TtlK FOSHIL Ji’LORA OK THlO OONDWANA KY8TRM, by 0. 
PEiaTMANTJEL, except Vol. T, I, hy T. OhDllAM .iiul .1. MORRIS. 

VoL. I, pp. xviii, 233, pis. 72, 1803-70. JL*t. 1 {out of print)'. Group, lUjm.Lhal 

Hill. Bi, 2: The samn (iMiilhiitiii). I’t. 3 ; IVoiix Golipilh. Pt. 

4 ; OatUors on. tlio Miulmi (Jo ml. 

Vol: n, pp. xli, 115, pla. 20, 1870-78. Pfc. 1 : Jur.istio Klor.x of iCu-li. 1*L. 2 : Vlor.x of Uwi 
ir.ib,ilpur group. 

Vol. ni, pp. xi, G4-fl‘10, pk 80 (0 donblo) (I-.tXXl | 1 V-MiVllA). 1879-81. IR. 1 ; 

Tho Klor.* of tUo Tci,Ifliir-Iv,uli,u'b.iri IkhIs. IM. 3: TUo fc’lnra of tijo 
Damndn and P.inoliot, DivisioiiH. IR, 3 ; Tho stiini’ (ronrliidril). 

Vol. IV, pp. xxvl, 25 1-00, pK 35 (2 doublo) (I-.X-XI HIA-MVA). IR. I (1882) (oh< of print) : 

J1''ohhU l<’l(»r,i of tho South Ri'wili (huulw.iu.i l).i lin. l*t. 2 (1880) ; KohhII 
Flora of uomo of tlio ('oitl-duld i in VVoiUnii linn';!)!. 


Vot,. I (1873-70). 
Vot. JI, pt. 1 (1803). 
Vol Tl, pt. 2 (1900). 
Vol 111, pt, 1 (1900). 
Vol. Ill, pt. 2 (1903). 


(Rm. IX.)-JUUASSI0 KAUNA OK RU'l'Oll. 

Tho Cophulopoda, pp. 1, 217, jiln. (10 ((» tloiililn), by W. Waaiuin. 

Thu Nuliiuoidoivof Imk'U, pp. 12, pli. 2, by .1, W. tiiii.iionv {out of print), 
Thd Cor.ilu, pp, 190, 1-1, pbi, 20, Ity .1. W. Ghwkucy. 

Tho |{rft(’hiopod«., pp. 87, pin, 15, by K. I,. Imimioin. 

Lamolllbmncbinta : UoiumTiinttum, ]ip. l!V/, pin. 10, by K, Ti. kri'iiHitr. 


(Sm. IV.)— INDIAH PRE-TlilRTlAliY VKRTIilrdlATA. 

Vol. I, pp. Ti, 137, pis. 26. 1806-85. IR. 1 (1B05) ; Tim Vortobnito from tho PanrUot 
Moks, by T. H. Huxluy. Pt. 2 (1878) : Tho Vortobmto KossIIh of the 
Koto-mlori Uroap, by Sm P. dh M. Gitr.Y RuKii'ruK, Tj. 0, Miall, 
and W. T. Blanfoiw. Pt. 3 (1879) : Itojitilin and BatnK'hla, by 
R Ltubkker. Pt. 4 (1885) (owl o/jiri/il) : Thu Laliyrinthodont from tho 
Bljori group, by R. LYDiUKipR. Pt. 6 ( 1885) {out of print ) ; Tho Roptilia 
and Amphibia of tho Malori and Douwa grou[W, by ji, LvDHKKiiB. 

(Sbb. X,)—INT»IAH tertiary and POST-TK.UTIARY VKItTEBRATA, by R. 

LYDEKKER, woept Vol. I, 3*tj. 1, Ijy R, B. KODTIA 

Vol. I, pp. XXX, 500, pla. 60. 1874*80. Pt. I : Rbinoueroa doroanonsiH. Pt, 2 : Molnr tooth 
and (ithor tomalns of Mammalia. Pt. 5 : Crania of Rumlimntfl. XR. 4 1 
yt ana to Pt. 3. Pt. 6; Siwalllc and Nnrbadii iw>oaoidla. 

Y . H, pp. XV, MS, pli, 1881-^ "Pt. I; SlAYalik Hliiuooorothlco. IR, 2: Snpplemont 

to Si^lik pd Narbada ProbostiiiUa. Pt. 3: Siwalik and Narbada 
^nlilffl. Ptj4 : Slwalik OMaolopanbdidro. Pt. S t Sivalik flolondont 
pnltia. eto. Pt. 6 1 Sival^ and Narbada Carnivora. 



VoL. Ill, pp. xxiv, 2G1, pis. 38. 1884-86. Pt. 1 (owi of print) : Additional Siwallk roriasodao 
tyla and Proboscidia. Pt. 2 {out of print ) : Siwallk and Narbada 
Bunodont Suina. Pt. 3 (out of print ) : Rodents and new Ruminants 
from th .0 SiwoUks. Pt. 4 ^ut of print ) : Siwolik Birds. PL. 6 (out of 
print ) : Jlaatodon Teoth from Penm Island. Pt. 6 (out of print) : 
Siwabk and Narbada Chelonia. Pt. 7 (out of print ) : Siwabk Grocodilia, 
Lacertiba and Ophidia. Pt. 8 (out of print ) : Tertiary Fisbes. 

VoL. IV, pi. 1 (out of print), 1886, pp. 18, pis. 6. Siw^k Mammalia (Supplement). 

VOL. rV, pt. 2 (out of print), 1886, pp. 40 (10-58), pis. 6 (vii-xi). The Fauna of the Komal 
oaves (and addendum to 1). 

VoL. IV, pi. 3 (out of print), 1887, pp. 7 (59-66), pis. 2 (sdi-xiii). Eocene Cholonia from the 
Salt-range. 


(Smt. VII, XIV.)— TERTIARY AND UPPER CRETACEOUS FAUNA OF WESTERN 
INDIA, by P. MARTIN DUNCAN and W. PEROEY SLADEN, except Pt. 1, by F. 
BTOLIOZKA. 

Vot. I, pp. 10-|-11O-|-382-}-91=699, pla. 6-l-28+58-|-lS=104. 1871-86. Pt. 1 (out of print) : 

Tertiary Crabs from Sind and Kaoh. Pi. 1 (new 2) : Sind Fossil Corals 
and Alcyonaria ; by P. Martm Dunoan. Pt. 3 : The Fossil Eohinoidoa 
of Sind : Faa. 1, The Cardita bcaumonri beds ; Fas. 2, The Ranikot 
Series in Western Sind : Faa. 3, Tho Khirthar Series ; Fas. 4, The Nori 
(Oligocene) Series j Faa. 5, The Gaj (Miocene) Series : Fas. 6, Tho MakrAn 
(Pliocene) Series ; by Duncan and Slodmi. Pt. 4 : The Fossil Echinoidea 
of Kach and ICuttywar ; by Duncan, Sladon and Blanford. 


(Sbb. XIII.)— SALT-RANGE FOSSILS, by WILLIAM WAAGEN, Ph.D. 

Produoius-Limostnno Group : Vol I pt. 1 (1879). Pisces, Cephalopoda, pp. 72, pis. 0, 

„ „ „ „ 2 (1880). Gastropoda and supplement to Pt, 1, pp. Ill 

(73-183), pla. 10 (1 double), (vii-xvi). 

„ „ ,» 3 (1881). Polocypoda, pp. 144 (186-328), pis. 8 

(xvii-xxiv). 

„ „ „ „ 4 (1882-86). Brachiopoda, pp. 442 (320-770). pis. 

62 (xsv'lxxxvi). 

,9 99 0 (1886). BryoKoa-Annolidro-Echinodormata, pp, 64 

(771-834), pis. 10 (Ixxxvii-xcvi). 

99 „ „ ,9 0 (1886). Coaleniorala, pp. 90 (836-D24), pis. 20 

(xovii-oxvi). 

„ „ „ „ 7 (1887). Ooclontorata, Protozoa, pp. 74 (926-008), 

pis. 12 (cxvii-oxxviii). 

Fossils from the Comtite Formation : Vol. II, Pt. 1 (1896). Piscos-Ammonoidoa, pp. 324, 
pis. 40 ( 0 H{ of 2 >nnt). 

Geological Rosulis : Vol. TV, Pt. 1 (1889), pp. 1-88, pis. 4 (out of print). 

„ „ „ „ 2 (1891), pp. 89-^2, pis. 8 (Old o/^’ri/). 


(Ser. XV.)— HIMALAYAN FOSSILS. 

Upper-triossio and liassio faunoa of the exotic blocks of Molla Johor in the Bhot ©f 

Kmnaon ; VoL I, Pt. 1 (1908), pp. 100, pJs. 16 (1 double), by Dr. C. Diener. 

Anthraoolithio Fossils of Kashmir and Spiti : Vol. I, Pt. 2 (1899), pp. 96, pis. 8, by Dr. C. Diener, 

The Permo carboniferous Fauna of Chitiohun No. 1 : Vol, I, Pt. 3 (1897), pp. 106, pis. 13, by 
Dr. C. Diener. 

Tho Permian Fossils of the Produotus Shales of Kumaon and Giarhwal: VoL I, Pt. 4 (1897), 
pp, 64, pis. 6, by Dr, 0. Diener. ’ 

Tho Penman Fossils of tho Central Himalayas ; YoL I, Pt. 8 (1003), pp. 204, pis. 10, by Dr. 0. 
Diener. 

The Oephaloxioda of tho Lower Trias : Vol. II, Pt. 1 (1897), pp. 182, pis. 23, by Dr. 0. Diener. 

Tho Cephalopoda of tho Muschelkalk : VoL IT, 14). 2 (1806), pp. 11^ pis. 31, by Dr. C. Diener. 

Upper Triassio Cephalopoda Faunes of tJhe Himalaya : Vol. HE, pt. 1 (1890), pp. 167, pis, 22, by 
Dr. B. von Molsisovloa. ^ 

^JMas Brachiopoda and LamoUibranchiata ; VoL m, Pt. 2 (1890), pp. 76, pis. 12 (3 doublo) 
by Alexander Bittner, ' 
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Tlio Fauna of Iho Spiti Rlialos : Vol. TV. Ooplialopoda : Fasc. 1 (1903), ijp. 132, pis. 18 ; Faso. 
2 (1010), pp, l.%3.300, pla. 47 (2 double); FttHP. 3 (14)10), pp. 307-34)5, pla. 32; by Dr. V. 
Uhlifi- Lumollibranchiala nn<l (lautropirKla ; Fuse, d (14)13), pp. 307-45(5, pis. 7; by Dr. 
K. Tloldhaua. Addilional >10408 on tlio Fauna of Iho Spiii aholos ; Fasc. 5 (1914), pp. 
457-511, pla. 4 ; by Miss Fiiuli Rioi^'or, I’h.D. 

Tho Fauna of tho Tropitca-Linu’.stono of Byans ; Vol. V, Memoir No. 1 (lOOC) pp. 201 pis. 17 
(1 double), by Dr. CJ Dionct. 

Tho Fauna of tlio Himalayan MiiHcholkalk : Vol. V, Memoir No. 2 (1907). pp. 140 pis. 17 (2 
double), by Dr. C. Dinner. “ 

Ladlnir, Cdniio, andNoiiefaunir of Rpiti : Vol. V, Memoir No. 3 (1908), pp. 167, pis. 24 (3 double), 
by Dr. C. Dionor. 

Lower Trimssic Oophulopoda from Spiti, Mivlla .Tobar and Byans : Vol. VI, Memoir No. 1 (1909), 
pp. 180, pis. 31, by Dra. A. von Kraft and C. Dicnor. 

Tho Fauna of tbo Tranmniocrinus Liniostono of ramkhanda ; Vol. VT, Moniolr No. 2 (1909), 
pp. 34), pis. 5, by Dr. (J. Dionor. 

Tho Cambrian Femsils of Rpili : Vol. VII, Memoir No. 1 (1910), pp. 70, pis. (5, by F, R. C. Reed. 
Ordovician and Rilurinn foaeils from Iho Contral Ifimabiyas : Vol. Vlf, Memoir No. 2 (1912), 
pp. 108, pin. 20, by F. K. 0. lioed. 


(Sjsb. XVI.)— BALUCHISTAN FOSSILS, by FRITZ NOETUNG, rxr.D., F.G.S. 

The Fauna of the Kollaways of Mazdr Drik : Vol. I, Pt. 1 (1895), pp. 22, pis. 13 (o?it of print). 
Tho Fauna of tho (Neocomian) Bolemuito Bods ; Vol. I, Pt. 2 (1897), pp. 0, pis. 2 {out of print). 
The Fauna of the Upper Crotacooos (MaSstrichtion) Bods of the Mari ilills : Vol. T, Pt. 3 (1897), 
pp. 79, pla. 23 {ovt of pi int), 

Tho price fixed for these publications is four annas por sin^e plate, with a minlmuni charge 

of Ro. 1. 


(NEW SERIES.) 

Tho Cambrian Fauna of the Eastern Salt-range : Vol. I, Momoir I (1890), pp. 14, pi. 1, by K, 
RedU('h. I’lico 1 Ro. 

Notes un tho Morphology of tho Polocypoda s Vol. I, Motnoir 2 (1890), T>p. 58, pis. 4, by Dr. Frita 
Nootling. I’ricCT 1 Ito. 4 An, 

Fauna of tho Mioenno CodH of Burma : Vol. f, Monioir 3 (1901), pi>, 378, jtln. 25, by Dr. hVitK 
Nootling. I’lico (1 Its. 4 Ah, (on/ of piint). 

ObsorvatioiiB sur (luolquos i'lnnics F(ii>h[Ich dos Lowir Gcnidwatiim! Vol. II, Memoir No. 1 
(1902), pp. 39, pis. 7, by R. Zoillor, i’rico 1 Ro. 12 As, 

Penno-CarboniforouB I’lantB and VorJobralos from Kashmir: Vol. 11, Momoir No. 2 (1005), 
pp, 13, pis. 3, by A. U. Rownrd and Dr. A. Smith Woodwjml, l^iro I Ro. 

The I^wor Palsoor.oic Fossils of tho Norlhom Rhan Sbitos, Uppor Ibirmn : VoL II, Momoir 
No. 3 (1006), pp. 154, Ills. 8, by F. R. 0. Rood. Piico 2 Its, 

Tho Fauna of tho Napong BodH or tlio Jtiuctio Bods of Uppor Burma : Vol. IF, Memoir No. 4 
(1008), pp. 88, pis. 9, by Miss M. Iloaloy. Prico 2 Us. 4 As. 

The Devonian ]''auna8 of tho Northern Shan States : Vol, 11, Memoir No. 5 (1908), jip, 183, 
pis, 20, by F. R. C. Jtoed. Price 6 Rs. 

The Molluaoa of the Ranikot Sorioa ; VoL JET, Momoir No, 1 (1000), pp. six, 83, pis. 8, by M. 
Gossmann and G. Pissarro. Introduction by E. W. Vrodonburg. Price 2 Rs. 

The Bmchlopoda of the Nomyau Bods, Northern Shan States, Burma. Vol. ill, Memoir No. 2 
(1917), pp. 264, pis. 21, by S. S. Buckraan. Price 6 Rs. 4 As. 

On some Fish temefna from tho Bods of Dougargaon, Control Provinces : Vol. Ill, Momoir 
No. 3 (1908), pp. 0, pi. 1, by Dr. A. Smith Woodward. Price 1 Ro. 

Anibracolitbio Fossils of tho Shan States : VoL lU, Memoir No. 4 (1911), pp. 74, pis. 7, by Dr, 
C. Dionor- Price I Ito. 12 Ae, {ovi of print). 

Tho Fossil Giraffideo of India : Vol. IV, Memoir No. 1 (1911), pp. 20, pla. 6, by Dr. G. B. I*ilgrim, 
IMoe 1 3^. 4 As. 

Tho Vertebrate Fauna of the Qaj Series in the Bugti Hills and iho Punjab j Vol. IV, Momoir 
No. 2 (1912), pp. 83, pis, 30 and map, by Dr. O. E. Pilgrim. Price 8 Rs. 

Lower Gondwana Plants from the Golabgarh Pass, Kashmir ; Vol. IV, Memoir No. 3 (1912), 
pp- 10, pis. 3> by A. 0. Seward. 1 Re. 

Mescoolc Plants frnm A^onistan and Afg^ian-Tuxldstan ; VoL IV, Memoir No. 4 (1912), 
pp. d7, pla. 7, by A. 0, Seward, Price I Be. X2 As, 
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Triasnio Fauun of Kaslimir : VoL V, Momoir No- 1 (1913), 133, pla. 13, t»y Dr. C. Dloneif, 

Pnco 3 Ra. 4 Aa. 

Tho Aiilliraoolitluc Vanns? of Kafihmir, Kananr and Rpiti : Vol V, Memoir No. 2 (1915), pp. 136, 
pis. 11, by Dr. C. Dioner. Prico 2 Ra, 12 Aa. 

I-o Cr^fcaco otr Eoc&iio du Tibet Central : Vol. V, Memoir No. 3 (1910), pp. 52, pis. 16, by Prof. 
TIonii Douvilld. Price 4 Rs. 

Supplemontaiy Momoir on Now Ordovician and Silurian fossils &om the Northorn Shan States : 
Vol. VE, Moraoir No. 1 (1016), pp. 98, pla. 12, by P. E. C. Rood. Prico 3 Ea. 

Devonian Possila from Chitral and the Pamirs : Vol. VI, Memoir No. 2 (1922), pp. 136, pis. 16, 
by P. R. C. Reed. Pnoe 4 Rs. 

Ordovician and Silurian Fossils from Yunnan : Vol. VI, Memoir No. 3 (1917), pp. 39, pis. 8, by 
P. R. C. Roed. Price 2 Ra. 

Upper Carboniferous FobsiIb from Chitral and the Pamirs; Vol. VI, Memoir No. 4 (1026), pp. 
134, pla. 10, by P. R. C. Reed. Price 9 Ra. 13 As. 

Indian Gondwana Plants. A Roviaion : Vol. VII, Memoir No. 1 (1920), pp. 41, pis. 7, by A. 0. 
Seward and B. Sahnl. Price 1 Re. 12 Aa. 

The Irfimellibranehiata of the Eocene of Burma ; Vol. VH, Memoir No. 2 (1923), pp. 24, pis. 7, 
by Dr. G, de P. Cotter. Price 8 Ra. 10 Aa. 

A Review of the Genus Gisortia with descriptiona of several spooios : Vol. VII, Memoir No. 3 
(1926), pp. 78, pis. 32, by E. Vredonbui^. Price 10 Ea. 5 As. 

An incomplete skull of Dinotherium with notes on the Indian forma : Vol. VII, Memoir No. 4 
(1924), pp. 13, pla. 3, by R. W. Palmer. Price 1 Re. 2 Aa. 

Contributions to tho Polisontology of Assam ; Vol. VITI, Momoir No. 1 (1923), pp. 74, pis. 4, by 
Erioh Spangler. Price 6 Ra. 

The Anthracotheridac of tho Deia Bugti deposits in Baluchistan ; Vol. VIII, Momoir No. 2 
(1924), pp. 69, pis. 7, by C. Porstor Cooper. Price 4 Ra. 

The Poriasodactyla of the Eocene of Burma : Vol. VUI, Momoir No. 3 (1025), pp. 28, pla. 2, 
by Dr. G. E, Pilgnm. Price 1 Ro. 9 Aa. 

The PoBsil Suidae in India : Vol. VIU. Memoir No. 4 (1926), pp. 66, pla. 20, by Dr. G. E. Pilgrim. 
Prico 1 1 Ra. 12 Aa. 

On tho BUko CoUootion of Ammonitea from Kaohh ; Vol. IX", Memoir No. 1 (1924), pp. 29, 
by L. P. Spath. Price 12 As. 

Revision of tho Jnraasio Caphnlopod Fauna of Nachh (Cutoh) : Vol. IX, Memoir No. 2. Part I 
(1927), pp. 71, pis. 1-7, price 4 R«. 12 As. ; Part II (1928), pp. 73-101, pla. 8-10, prico 7 Rs. 
14 As. ; Part III (1928), pp. 163-278, pis. 20-47, price 16 Rs. 4 As. ; Port IV (1031), pp. 
279-560, ph. 48-102, prico 34 Ra. 12 As.; Part V (1931), pp. 651-068, pis, 103-124, pries 
12 Ra. 14 Aa. ; Part VI (1933), pp. i-vii, pp. 669-946, pis. 126-130, price 13 Ra. 8 As. ; by L. 
P. Spatli - 

PalcBOzoio and Moaozoio Poaaila from Yunnan ; Vol. X, Momoir No. 1 (7027), pp. 291, pis. 20, 
by F. R. 0. Reed. Price 20 Rs. 9 As. % 

The MoUuaca of tho Ranikot Series (together with some spedes from the Cordita Boaumonti 
Beds) : Vol. X, Memoir No. 2 (1927), pp. 31, pis. 4, by M. Cossmann, and G. Piasatro, roviaed 
by the late E. Vredenbxirg, with on introduotion and editorial notes by Dr. G-. do P. 
Cotter. Price 2 Rs. 6 As. 

Lea Coaches h Gardita Boaumonti : Vol. X, Memoir No. 3. Les Couches b. Oordlta Beanmonti 
dans la B61ouchietan : Pose. I (1928), p^ 25, pis. 4, price 2 Rs. 12 As. ; Lea Couches 4 
Csrdita Boaumonti dans le Sind : Paso. II (1929), pp. 27-73, pis. 6-11, price 4 Rs. 8 As. ; 
by Prof. Henri Douvill6. 

A Supplement to tho Mollusca of tho Ranikot Series ; Vol. X, Memoir No. 4 (1928), pp. 76, 
pda. 9, by the late E. W. Vredonburg, edited with notes by Dr. G. de P. Cotter, i^oe 
6 Rs. 12 As. 

Bovisions of Indian Fossil Plants : Vol. XI. Coniferales (a. Impressions and Incrustations) : 
Part I (1928), pp. 1-49, pis, 1-fl, price 3 Es. 12 As. ; Coniferalos (b. Petrifactions) : 
port II (1031), pp. 61-124, pis. 7-16, price 7 Rs. 6 As. ; Prof. B. Sah^ 

The Pauna of tho Agglomeratlo Slate Series of Kashmir : Vol. XU n928), pp. 42, 8, by 

the late H. S. Biou, with an Introductory Chapter by 0. S. Middlemiss. Price 6 8 As. 

The Artlodactyla of the Eocene of Burma ; VoL XJEll (1928), pp. 39, pla. 4, by Dr. 0. E. PUgrim, 
Price 8 R& 12 As. 

A Sivapithecus Palate and othor Frlnmte P<»ailB from India ; VoL XIV (1927), pp. 24» pi, 1. 
by Dr. G. B. Pilgrim. Price 1 Ro. 8 As. 
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I''ouiiil Kiiuiu of llio Hnmunn llaiif'H and nomo Noiidilxmi inj; Aio.i,; Vol. XV An 
diii‘lor> No<« : I’.iitT (10^0), up. Ifi, pl‘i. l-t, inim 1 l?o. 1 Aw.; by Ij.’aL IWioa 

y. A; Tim Allnim UdihumUM : I’.iil 11 (ISIISO), pp. 7 l’;{, pi \,f^ pn<o 12 Aa. ' 

tijr Mthol 1>. (’iittio, rii.l), Tlici hmpoii.i ; I'.iil 111 ir).*25.37’ 

1)1h. f» 0, ])riio I Ho. -1 Ah. ; by llolon Rt ii<'iioiilo Mhu-WoimI. M.St , IMi.M. ljov»)r' A^lbUn 
HnsiMvpmlu ami bnnioIlilnMiuUio : l*iu< 1\ (llt.'td), pp. .'lll-l'), p|. 7, pndj n A^’ ■ by L K 
('o\, M.A., K.li.H. Tim b<*wor Ciolwioouw Ammoiuiulo.i ; wilh Ntiicw on Albun Coiihalo- 
poila fiom lla/iirH : I’.nli V ]ip. pN, 8 !), pino 1 Ho. 0 As.; lj\ H. li’. Miinlh 

1''.<1.S. Tim I’lilii'ocoiio li'oi.nnniiloi.i : I’mi \| (llirtd), pji. b7.7‘)i pJ. 10, puce 
14 Ah.; by 14. -Col. U M. IU\uh, H.A., K.IS.H. Tho bowor Hoimio ('(h.iIh: I’uit VJJ 
(llinO), pp. 81-128, pis. 11-1(1, itinoll Hh. 11 As.; Ity.l. U. (bi'f^oiv, bl..!)., I) So , IMli.S, 
Tim Mitlhihca of tho Ifoni'u Kli'ilns : Hint VUl (IIKIO). pji. 120 222, jcJa. 17-22, puco A ila, 
14 Ah. ; by It- Al.A., K,ll.S- 

Upwr f'nrbrnnforone Ii’chhIIh from Tilajt ; Vol. X\l (1030), pp. 37, jiIh. I, by K. Ji. o. Keod. 
Prioo 3 ItH. (i Ah. 


Now FoshUs from tlio Vroclnolua Lhinmloncm of Iho Wall ll.in»(i, cvilb imloc cm olbcr apocios- 
Vol. KVII (1031), pp. GO, plH. 8, by F. II. (\ Ucmcl. I'lu n fi Hh. 0 Ah. 

TUoi Koahll (Wuivoi'aoUiuliiti Vol. XV Ui (19112), pj*. 232, pis. K), |)y Hr, (}. K. Pilirrnn. Prlpo 
1,3 Ua. 12 As. 

Upiiot Oftrboniforoua FohhIIh from Afulouiialan : Vol. XIX (19.31), }tj>. .30, plN. a, by F. 11. C 
liuod. Hriro 3 He. 10 Aa. 

Now Fcmila from tho Apfilomoralicj Slalo of Ktuhmir: Vol. XX, Mamoir No. I (1032), pp. 79 
plfl. 13, by h\ U. 0, Rood. Vrico 8 Ita. 4 As. ’ 

Homoxyltm raimahalonHO, goir. ot sp. nov., a 1 ’<msi] nii/posiKitnioiiH wchmI, dovoid of voshoIb, 
from tho Hnimuhal Hills, Hohnr : Vol. XX, Ahmioir No. 2 (1932), i)j). 19, nla. 2, by Prcif. 
H, iSahni. Pilco I Wo. 12 Aa. 

A potrificKl 'Willinmaonlft (W. aewardiuno, sp. nov.) from tho Ibijinab il UiIIh, Tndia ; Vol. XX, 
Memoir No. 3 (1932), pp. 10, jila. 3, hy I'rof. R, Hiihni. Hni o 2 Hs. 2 Ah. 

Tho 4nTiif4fli<' imd OrolacxjouH AmmonUaH und IbdcmuiUc's cd tlm Altotk IHHlrict; Vol, XX, 
Mojnoir No. 4 (1931), pp. 30, pis. (I, by b. F. Hp,ilb. I’ins. 4 Kh. 

Tho Triiumir, ifuriwHio and CtofurooiiH ChiHliu)KHlii und laimollilmiin Ida of tho Atlork Diatriftj 
Vol. XX, Memoir No. G (i03G), pp. 27, pis. 2, by I.. U. ('o\. Hiioo I Ho. 14 Aa. 

The lVIoflo/.oio Hruohiopodtt of tho Atfccic'k DKtrk't. : Vol. Ari'nicdr No. (i (in thf Ptina), 

hy Ilohm M.. JMtilr-Wood, 

Tlio (ImUrooiia iSMtirlat Ida and Oinllhltiohm of Iho Coidial Hioviiucii nl 1ni]i,i. Vol, XXI, 
Momoir No. I (1933), pp. 74, plw. 24, hy I'lof. Krmclilch Huioii von lltioim iiml Dr. A. 
Matloy. Vrlis) 13 Uh. H Ah. 

Oambrlim and Ordovicicuv FobhHh from Kashmir s Vol. XX I, Momoir No. 2 (I934),'jip. 38, pla. 2, 
by !■'. R. 0. Rcmd. Hrico 2 Hs. 8 As. 

The bower hilofoyiolo Faunas of tho Houthom Shan •Slato.s ; Vol, X .\l, Rb-ntoir No, 3 (1930), 
pp. 330, pis, 7, by F. R. C*-. Honil. IMcm 7 Its. 19 Ah, 

FobbU Algm from tho Uppormest OviitacssniH Issls (tlm Niidyiir gi(ni]i) of tho Tiichiuopoly 
Diatriot, H. India; Vol. XXi, Momoir No. 4 (1939), pp. 41), pli„ 0, by J’lnlb. i,. Huma Rao 
and JulioB Pia. I'rioo 4 Us. 10 As. 


Dohinoidoa of tho I’ersian, Gulf: Vol. XXlf, Momoir No. 1 (1033), j)p, .3G, pLs. 3, by E. L. G. 
Clogg. Prico 2 Ra. 8 An. 

EobbU Mollusoa frcan Southom Pcaaia (Iran) and Babmin THlaud; Vol. XXI 1, Momoir No. 2 
(1030), pp. 09, pla, 8, by lu 11. Cox. Prieo 5 Its- 8 As, 

On Bajooian Ammonitoa and Bolomnitoa from EftHtorn I'oroia (Iran) ; Vol. XXIf, Momoir 
No. 3 (1930), pp. 21, pL 1, by L. F. Kpath. Price 1 Jti', 2 As. 

CambrlftBi Trilobitos from Iran (Persia) ; Vol. XXfl, Momoir No, G (in the Prm), hy Prof* 
W. B. R. King. 

A Pormo-Oarbonileroua Pauna from South Wiwt I’orsia (Iran): Vol- XXll, Momoir No. 6 
(1980), PI). C8, pla. G, by J. A. Douglas. PriDO 4 Hh. 4 Ah. 

Some FosaUb &om Ibie 1iliin)doinna and Conaloria BoOh (J’unjablnn) uf tho Salt Itango : Vob 
XXJll, MLoruoir No. 1 (1039), jip. 30, pis. G, by F- It. C. Hnnd. Fplcn 3 Ks. 1 4 As. 

Eoceno Bods of tho Punjab Salt Jtango ; Vol. XXIV, Memoiv No. 1 (fw thij Prens), hy ht.* 
Col, L, M. Davios, 


Index to the Genera and Spocdes desorlfaod In tho Folmoniologia Xndioo, up to tho year 1801 • 
Piioe X Re. 
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RECORDS OF THE GEOLOGICAL SURVEY OF INDIA 


VOL. I, 1868. 

Patt 1 (oi/t of print ). — Annual icporl for 1867. Coal-scama of Taira valley. Coal in Garrow 
Hilis. Oojipci ui llundc'lkLuud. Mctoorites. 

Part 2 {out of prmt). — Coal-Btanis ol noighboutliood of Chanda. Coal near Nagpur. Geological 
noicH on tjuitit colic clorate. CepholopodouB fauna of South Indian cretaceous deposits. 
Load in Itaipur djsiiut. Coal in Eastern HenJspheio. Motcoiites. 

Patt 3 (out of pnnt ). — Gasliopodous fauna of Sou^b Indian oiotacpona doposits. Notes on 
route fiom Poona to Nagpiii jid Ahmednuggur. Jalna, Loonor, Yeotmahal, Mangoll and 
Hingunghal. Agato-flnko m pliocene (?) deposits of Upper Godavory. Poundaiy of 
Vindhyon soiios in NajpuUua. Meteorites. 


Von. n, 1809. 

part 1 {out of print ), — Valley ol Ptioi iia river, West Berar. Nuddapah and Nuinool formations. 
Gcolugiial blvetih of bliillong plateau. Gold m Singhbhum, etc. V'clls at Hazaioebegh. 
MctconUb, 

Pait 2 {out of piint).— Annual poit for 1&68. Paugsbura tecta and other tpocies of Chclonia 
from lu'wti tcituiy dtpchilb of Iseibudda vaUcy. llotnmorphio rooks of Bengal. 

Putt 3 {out oj pntit),— Gtolofcj ol liutdi, Vtblein India. Geology and physical geography of 
Nnubui JbJfliulh. 

Paii 4 (out oJ y;nJd),- pLdk torilahiuig bilnlilcd wood in Eastern Promo, British Burma. 
Mim 1 alogu .ij hlulrttiLs ol Kun aon division. Coal-field near Chanda. Lead in Eaipur 
district, Metcuiitub. 


voi.. nr, 1870 . 

Part 1 {out of ptini ). — Annual report for 1860. Geology of neighbourhood of Madras. Alluvial 
clepobitb ol Inavadi, (onliabUd vitli those of Ganges. 

Pait 2 {utii oJ ptint) — Otology of Gwalior and vioinity. Slates at Cbiteli, Kumaon. Lead 
vein iK ai t hn hob, Kiojmi dibtiict. Wardha river coal-fields, Borar and Central Provinces. 
Coal at Kniba )U Ihlu'-pur district. 

Putt 3 {out <>J print ). — Atolipani (oiil-ficld. Lcad-oie at Shmanabad, Jabalpur district. Coal, 
cast of C liliHtlisgoili hctrueji Bilaspur and Banchi. Petroleum In Bnima, Petroleum 
lotalily oL budkal, lu-.ii PuttijuTig, wi btolBawalpindi. ArgcntiioioirB galena and copper m 
MiiiibUuni. Abb.iys ui non nits. 

Patt 4 {out oj ptint).— U« ologj of Mount Tilla, Punjab. Copper dcposilB of Dalbhum and Singh- 
blium : 1.— Coxipir uiincs of Singhbhum: 2. — Copper of Dalbhum and SinghbhutL. 
Moteoritos. 


VoL. IV, 1871. 

Part 1 {out of print).— Aimua) report for 1870. Alleged discovery of coal near Gooty, and of 
iridicatioiiB of oool in Cuddapah distrlot. Mineral statistios of Knmaon divifaion. 

Part 2 {out of print ). — Arkial group in Western Promo. Geological structure of Southern Konkan. 
Suiiposed oocniiome of native antimony in the Straits Bettlomenta, Deposit in boilers 
of btoam-cnginca ut llaniganj. Plant- bearing bandstoncs of Godavari volley, on sonthein 
ordensionH of Knmthl gioiip to neighbourhood of EUoro and Hajibandid, And on possible 
oocurronoo of coal in sauio dircution. 

Part 3 {out of print ). — Borings for coal in Godavari voUoy near Dumaguden and Bhadraoholam. 
Narbada oosi-basin. Geology of Ctiatiol Provinces. Plant-bearing sandstones of Godavari 
voUoy. 

Part 4. (o«i! of jiririi).— Ammouito fauna of £nieh. Raipur and Henglr (Gangput) Coal-field. 
Sandbtom^ in nolghbonihood of first barrier on Godavari, and in country between Godavari 
and EUore. 


u 



Vox., V, ia72. 

I'mtJ {uvt <‘f piliii ). — Aiimial rcpurl for IS 71 . Itolaiioiii of loi'Ki. iinir Miini'i' I’unjftb. 

Mim‘rnl{)^j(‘p.l 110(1 a on qiii'iHh oT SVmiIIi Mityiipnr uiitl luliounti" nmuliy. iSnmlotouiH in 
iK'if'liI^Mirlioml 0/ /iisb lifiruci on ( l(uluMui, uiul in rinin( ly !>• ( iv< ui (bid.'u.ij i iiikL I'^lJoio. 

Pari 2 (i)iif afpn'nt).— Oonnls of lliilui'lii'-lnn nud lioin Km.n In (o In ,ul ot r<iMaii (Inlf, 

Piid Mmip i)[ (liulf IhIuiuK. I'liitH 111 Kiitniiiiiiiinii 1. iiml lliin.iini oinlii ilnlinl 1 in bli/iinrh 
PoTKinioiin. ilvahmy ol OinMi. New coitl-lii'ltl in iioii(li>i .ipImu II ^ iI< uihdil (Doivniii) 
ti'nilnry. 

Part S {out of /n in/).- -IVTuhltnt (luil MiinHiituliiii on on'-t of Amin, i. KmhiijiIi' of Im nl jiiiutiiiK- 
Axinl arf)U|) of \VpMli*m Promo. IJcologj of llrlml)n,^ iVi'nili nc y. 

Pail I (oJil iij fiiiiit). CohI in norllif'rn lotion of iSitl|iiiiM bm in. r;\iili m,' adouli'cl by miss'd 
oyilor liHiibn on I'OiiHtH of liulin, in <‘Kliinnliu‘> (iiinnint of tliviilnii iiidi'.ilid ilii'nby. 
['oi,8iliIi' Hold of ooal moiUiiiroH in Oodavuri iliMiiot, M.idiUn I'li idi m j, li.iimll.i or iidm- 
iDipiK'nu foiniiilion rd (loniral Indin. IVliolciini liu nlilii' , in iSiijiiioM'd i ozoonal 

limo.-,lon,<) of Yollani Hilo, 


Vi)b. VI, lH7;i. 

Part y.— Annnal roport for 1872. Ooolopy of Norlli-WcHt l*roviiu‘< ii. 

Part 2 {nttl ojf jm'n/).— lliHrntniiur coftMIcld. Mim'raJoyical no/on on ''iioi-is of hoidli Alii/inpiir 
and (ulinininK ccnmtiy. 

Par/ 3 (njiioypn'n/).— Colt in OHHitormis dopoMlH of Narbada inlloy (Plioooni' ot l''alo(moi) ; on npo 
of drjKiHitH, and on aa«ooiat<*d hIkUh. ftarakiin (I'oal-nii a .imn) in ISoddndiinolo Hold, 
Godavari distriet. Goulogy of parts of ITpjior Punjab. ('o:d in Indiii. Hall-hpiiui'H of 
IVgn. 

Part 4 {out of pn'w<)-~Tron dopnsiis of Ghonda (IVnlrnl Provinoon). Ibiiron lalandrt and Nar- 
koadnm. MctalliforonH nisoiiruofl of Itritish Ilurnm. 

Vox.. VIT, 1H7I. 

Part 1 (m/l o/pri'n/),— Annual roport for 1873. Hill riui"oti bidw'i 011 liidi]>, vnlloy in badak and 
Hlinh-i-lJubv on frontier of Yurkand Imilory. IroiioHHol Kiiiiiaoji. I’liw iimioiialn for 
iron *87110 lliiig in llauii'anj flold. KlasUo HandaloHo, or (.o-oalli d i(.iooliuiij(o. Gooio'pnil 
iiolofi on pari/ of Nortliom llastaribagh. 

Pari 2 0)vt of jiritil), (loidonioul uotf'i on roiiio tou'ersod by Y.iiKund Kmbiu y fimn Hluili-l- 
Ibila to Ytirkaud and Kaalu'iir, dado in Kiirukash valley, Tiiikii Ian. Noli a fimii Mioiloin 
llinmlflyii. PotroIjMun in Awaifn. (kinl in Guru Hilla. Coppi t in Nm bad i i alloy. Poluslu 
Halt from KiihI liuUii. (Joolouy of ncighhtmrlioud of Mari lull i.liili'in in piiu|ab! 

Part 3 (an/ of foinl),- dooJooioal ofim-rviiUouB niudo oa a viint- lo ( 'li.iddi ikiil, Tliiiiii Slum laupo. 
Koniior ovioiiNion of Rliioiorfl witliiii [faiii'ni diatriid, Ibiildui'' and ornaiiotdal ..(oiioa of 
India. MatPilalH for iron maunfartutti In UioiiganJ oual-liold. M.ui’'mio, o oio in Waidlia 
(wal-fiold. 

Part 4 {out o/jir<n/).--Aiiriri‘rouB rookw of Dhnnibnl lilllu, Ifhatwar di.driol. ,\iilii|iiity ot biiiuan 
xnno in fnditi. Conlrorriillydincovorod inllioiioiiulry of l.iiJii Pidbaia, iiiiitb-iMit ooiinr 
of Afgliaaistnn. ProgroHs of gcologioal invoHtigalion in Goilaviui dial lit I, Madnui I’lori* 
denoy. Subsidiary matorlalH for artifioial fuel. 

VoL, VJIJ, 1H70. 

Part 1 {out of pnnf ], — Annunl roporfc for 1874. Tins Alluni-ArtuHli oonHidort'd from jxookigionl 
point of view. Evidnnoos of ‘ ground-ico ’ in tropicnl ludiu., diiriiiif Tuloldr jaTiml. Triala 
ol RaniganJ firo-brk-kK. 

Part 8 {out of pr«ni).~Gold”floldB of 8outh»oaat Wynaad, Watlnm ProMidoury. Goolopiml notes 
on K^ooan hills in Upper Pimjah. Water-h wiring filrtiLa uf Surat diHtrii’t. Geology of 
Srindla's territories. 

Part 3 {out of priTif).~-Shalipur eoabilold, with, notlee of coal OYpIunitioiui iu Nari'ada rogioxiB. 
Cool Toooutljr foiuid near Moflong, Khawia lilllu. 

Part 4 {out of print ). — Geology ol Nopal. Rat|^rli and lUnglr ctml-lloldn, 

VoL, DC, 1870, 

-Petri 1 [out of prini).— Anjraal roport lor 1876, Geology of Sind. 

Parti ojjin^),— Retirement of Dr, Oldbiun. Ago of some founil floTos of India, Granlum 

of Stegodon Qonesa, with notes on suh-goniiB and allied forxoe, Sub<liimalayan sorleti In 
ds&u (Jamnioa) Hills. 
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Part 3 {out of print ). — ITosail doraa in India. Geologioei ago of certain gtoups comprised in 
Gondwana sories of India, and on evidence they aSord of distmot zoological and bolanical 
tcrrostiial regions in ancient epochs. Hclations of foasiliferous strata at Maleri and Kota, 
uo.ir iSironcha, C. J’. Kobsil mammalian faunto of India and Burma. 

Part ^ (niilo/pi tnf ). — Fossil floraum India. Osteology of Meryoopotamns dissiraihs. Addenda 
and Corrigenda to paper on tertiary mammaha. Ploaioflaums m India. Geology of Pir 
Panjal and noighbourmg districts. 


VoL. X, 1877. 

Pari 1 {out of print). — Annual report for 1876. Geological notes on Great Indian llesert between 
Smd and Rajputana. Cretaceons genus Omphaha near Nameho lake, Tibet, about 75 
miles north of Lliassa. Estheira in Gondwana formation. Vertobrata from Indian teitiaiy 
and secondary rocks. Now Embydlno from tho upper tertinries of Northern Punjab. 
Observations on under-ground temperatore. 

Part 2 {out of print). — Rocks of the Lower Godavari. ‘ Atgarh Sandstones ’ near Cuttack. 
Fossil floras in Imdui. Ni'w or rare mammals from the Siwaliks. Aravali series in North- 
Eastern Ra jjmiana. Bonugs for coal in India. Geology of India. 

Part 3 {out of print). — Tertiary zone and underlying rocks in Norih-Wost Punjab. Fossil floras 
in India. Erratics in Potwar. Coal explorations in Darjiling district. Limestones in 
neighbourhood of Barakar. Forms of blowing moohino used by smiths of Upper Assam. 
Analyses of Ranigani coals. 

Part 4 {out of print) — Geology of Mahanadi basin and its vioinity. Diamonds, gold, and lead 
ores of fiombalpur district, ‘ Eryon Comp. Barrovensis MoCoy, from Sripermntur group 
noar Madras. Fossil floras in India. The Blaini group and ‘ Contra! Gneiss ’ in Simla, 
Himalayas. Tcrti.irioa of North- West Punjab. Genera Chocromoryx and Rhagatherium. 

Vot. XI, 1878. 

Part ]. — Annual report for 1877. Geology of Upper Godavari basin, between river Wardha 
and Godavari, noar Siroucha. Geology of Kashmir, Kiahtwar, and Pangi. Siwalik mam- 
mals. Palaeontological relations of Gondwana system. ‘ Erratics in Punjab.’ 

2*art 2 (out of print). — Geology of Sind (second notice). Origin of Kumnon lakes. Trip over 
Milam Pass, Kumaun. Mud volcanoes of Ramri and Choduba. Mmoral resources of 
Ramri, Chednba and adjoocut islands. 

Part 3 (out of print). — Gold industry in Wynoad. Upper Gondwana sorios in Trichiuopoly and 
Nellore'Kiatua districts. Senormontito from Sarawah. 

Part 4. — Geographicaldistributionof fossil organisms in India. Submerged forest on Bombay 
Island. 


Von. Xn, 1879. 

Part 1 (out of print ). — AnnuciJ report for 1878. Geology of Kashmir (tliird notloo). Siwalik 
mammalia, Siwalik bods. Tour through Hengrang and Spiti. Mud eruption in Ramri 
Island (Arakan). Brauiiitc, with Rhodonite, from Nagpur, Central Provinces. Pdlieonto- 
logioal notes from Satpura ooal-basin. Coal importations into India. 

Part 2 (out o/ print).— Mohjiani ooal-tiold. Pyrolusito with Psilomolano at Qoralpur, Jabalpur 
district. Geological roeonnaissanco from Indus at Kushalgorh to Kurram at Thai on 
Afghan frontier. Geology of Upper Punjab. 

Part 3 (out of print ). — Geological features of northern Madura, Fadukota Stale, and southern 
parts of Tanjoro and TiioMiiopoly distriota inoluded within limits of sheet SO of Indian 
Atlas. Cretaceous fossils from Trichinopoly district, collected in 1877-78. Sphenophylinm 
and other Equisotaoem with referenoo to Indian form Trizyaia spooioso, Royle (Sphono- 
phyllum trizygia, Ung.). Mysorin and Atacamite from NoVore district. Corundum 
from Kbasi Bills. Joga neighbourhood and old mines on Norbudda. 

Part i . — “Attock Slates” and their probable geological position. Marginal bone of un- 
desoribod iortoiso, from Upper Siwaliks, noar I^a, in Potwar, Punjab. Geology of 
North Arout district. Road section from Morree to Abbottabad, 

Von. XUl, 1880. 

Part 1 (ovi o/pri«f) .-^Annual report lor 1879. Geology of Upper Godavari basin in neighbour- 
hood of Sirunoha. Goology of Lodok and neighbouring districts. Teeth of fossil fishes 
from Ramri Island and Punjab. jQ'ossU genera Nfl^erathia, Stbg., Nfiagotatbiopais» 
Fatm., and Rhlptozamltes, Sohmalh,, in paSaozoio ana secondary roolm of Europe, Asia 
and Australia. Fossil pl^ts from Kattywar, Shekh BucUn, and Siegojah. Voloanio 
fool of eruption in Konk^, 
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Part i . — Opologioal nutos. Piilsoonlologioal nott'H on lowor tri,m of lliinnlayfw. ArtOHiau wells 
at roiiJifihorry, and pofwibility of tindiug minreps of vvaU'r-flnpitly at. Madras. 

Part A . — Kumtiuji lakes. Ck'lb of pakuoIiUun type in I*nnjii)». J*,iIn*oiii.oI(>' 4 U'al note's from 
Ktirhnibari and Boufli Uewu eoal-rioldn. ( Jorrelatioii i>l tl<mdw:iTia llor.i with oHht floras. 
ArU‘.Hiati wells at I’oiidiohorry. fcfjilt jji Itajpntaiia. (Jaw and mud oniptiona on Arnkan 
ooast on l‘Jth March 1871) and in Juno 18 IJ. 

Part 4 (niif oj jirinf). — Plcistocsjuo (lopoHits of NorLIicru Punjah, and cuddcuco Ihoy afford of 
extreme uUniato during portion of that period. Usoliil minerals of Arvali region. LJorrela- 
tioii of Qondwaua flora with that of Aiistrah.m eoal-I»e,inn“ sysfein. llch or alkali aoils 
and salmc well waters. Ileh soils of Upper India. Naim Tal landslip, 18th Soptomher 
1880. 


Vot. XIV, 1881, 

Part J . — Annual report for 1880. Geology of part of iXirdi^luii, 11 dtisi, an, .and neighhouring 
di.slriots. Kiwalik carnivora. Siwolik group of Kiib-lliniiil.i,.v.iii leuion. South Kowah 
Qotidwana basin. Ferrugiiioos bods ossoeiatod with bns.iltiu roi-k.s of noitli-eastern Ulster, 
in relation to Iiidi.an latorite. Hajmahal plants. Travelled bbs’lcs ol the Piui|.ib. Appen- 
dix to ‘ Pahuoiitological notes on lower trinn of JHmiilayas.’ M.utinialiiiu fossiJs from I’erlm 
Island. 

Piwl 2 (out o/ print). — Nahan-Siwalik nneonformity in Norlli-Wt'.sfeiii llimahiya, Uondwana 
vortobratus. Ossiferous beds of Ilundes in Tibet. Mining reronls iiiid ndning record 
office of tJreatJJritain : and Coal and Mptalliferous Mines Arl ol 1872 (Ihudand). Uobiillitn 
and danatito from Khotri mines, Kajputana; with remarks on <1 npurifo (iSyepoorile). 
2ino-nro {Smithsonito and Blondo) with, barytes in K.arnul district, Mailra i. Miid-i>niption 
In island of Cheduba. 

Parts (outof print ). — Artosian borings in India. Oligoolase granile nt VVniiglu on Sutlej, Nortli- 
W'oat irimalayos. Fish-plate from Hiwnliks. Pula'nnlolo'iieal noti's from Ha/,aribagh 
and Lnhardagga distriots. Fossil carnivora from SiwidiW lulls. 

Pari 4 (out of print ). — Uniffeation of geologioal noinene.lal ure and eartogrupliy. Geology of 
Arvali region, central and oastom. Native antimony obtained at Piiki Oluu, near Singa- 
pore. Tiirgife from Juggiapett, Kistnah district, and /.inn earbonale from K.irniil, Madras, 
Heution from Dulhuusio to Pangi, vid Saoh Pn.HH. fciouth lluw.ah Gondwiiiui bnsin. Sub- 
merged forest ou Bombay Island. 


You XV, 1882. 

Part I (out of print).- -Annual report for 1881, Geology of Noilb-Wist Kii> litiiir and Kliagnn. 
Ootidivana bibyriniliodoiits (Slwalik and Jiiinna m.imin.di,). (Jeolo-'y of D.dhouiie, North- 
Wost Himalaya, Pnlm loaves from (terliari) Miuree intd K.isuili lM‘ds in India, Iridos- 
mine fmm Noa-nihing rivor, Upper Aimani, and Pl.ilinniii froin t'huti.i. Nagpur. On (1) 
co]»i)er mino near Yongri hill, llarjillng tlislriel ; (2) ar'imuvil pyille,. in nimie neighbour- 
hood; (H) kaolin at Darjiling. Analyttos ol onril and lire-el.u’ Iroin M.ikum coal-lii'ld, 
Upper AsHam. lOsporlnionts on coal of I’ind Daduu KImn, S-dt-riingo. with refewuco to 
produetliin of gna, luado April 29th, IHHl. Inli-rnatioiiid Cnngri'fs ol Uolrigna, 

Parf 2 (out of priw f),—Ch'olngy of Travaneoro Slate. Win kill! lieds and rojMirled iwHoeiated 
doposILs at Qiiilon, in Travanoore. tSlwalik and Norbiida fosulls. Cnal-lxairing rirnks of 
Upper Itor and Mand rlvors in WesteiTi Chutia Na/'piir. Pejiidi rivor eoal-tield in Uhind- 
wara district, Central Provinces. Boring for coal at KugHi'iii, British Ihirmu. Hniipliires 
in North-Western llinialaya. Eruption of mud vob’auoeu in Uhi>diil>a. 

S (tmt (if iirint ). — Coal of Mach (Much) in Bolan Pass, and of Hharigh on Uarnai route 
botwGon Sibi and Quetta. Crystals of stilhlte from Westorn Oliats, Bombay. Traps of 
DarangandMandiin North-WoBtomBlmalayaR. Coimoxion between (I. a/.nra and Kashmir 
scries. Umoria ooal-ffold (South Uewoh Gomlwann bRsiii). Daranggiri uoal-llolrl, Garo 
Hills, Assam. Coal in Myanoung division, Tlouzada district. 

Part 4 (ovt of print). — Gold-fiddB of Mysore. Borings for coal nt Ih'rldadanol, Gudavari district, 
in 1874. Supposed occorrenco of coal on Elstua. 


Voi* XVI, 1883. 

Part I. —Annual roport for 1882. Btohlhofenia, TCnyp (Anomiii. Uawnmeiana, Koulnolc). 

Geology of South Ttavonoore. Geology of (thamlsi.* I^Srdts of Bombay. 

Part 8 (out cjf prjijjJ.-.-Synopsia of forail vertobrata of India. Bijori Ijiibyrinthodout Bkoll 
of Hlppothorinicn Iron ores, and subsidiary matprialn fur manntooturO of 

Iron, fa nori^-eoatem pm of tTabalpor dieiciot. Latcrito and otltur jnongaucHo-oro oeonr* 
ring at Qosalporo, Jabalpur diatdot, tTmaria eool-fidd. 
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PdH 0 (put of print ), — Mlorosoopio atnlol/Hro of aorrlo Dilhnusio rouki, Ltwraq of Adon. Prt'* 
bnblu O(joufroiieo of Siwalilt alrata in, Ohma and Japin. Mwlodon an^jubulon*) in India, 
Travorgo botwoon Almor* and MoB'ioorroo. Orot-uieona ooal-moa<mrog ot Jioi'sopa in Kbaaia 
Ilillg, near Lauur in Uylboi. 

Part 4 {out nf jn'ia/).— Daboontological notes from Daltongnnj and Ilntir toal-dolda in Obota 
Nagpur. Altered baaalta of Dalhonsio region in North- VVegtorn Hiiaalayag. Mioroscopio 
atrueturo of aomo Sub-Ifimalayan rocks of tertiary ago. Geology of .launsar and IjOwof 
I fimalayaa. Traverao through Eastern Khosio, Jaiutia, and Nortii Gaohar llilla. Native 
load from Maulmatn and ohromito from the Andaman Islnnda. I^iory eruption from one 
of tiio mud volcanoes of Choduba Island, Arakan. Irrigation from woUa in North- Woatern 
Provinocs and Oudh. 


VoL, XVn, 1884. 

Part I {out of print ), — Annual report for 1883. Smooth-water anohoragoa or luud-banks of 
Narrakal and Alleppy on Travancore coast. Billa Surgaui and other oavos in ICurnool 
diatriot. Geology of Chuari and Sihunta parganas of Ohamba. Lyttoma, W.iagon, in 
Jf-uliug aorioa of Kashmir. 

Part 2 {out of print ). — Earthquake of 31at Docombor 1881. Mieroseojiio atrueturo of aomo 
Hiimlayan graniton and gnoiasose gramtoa. Choi ooal exploration. Jlit-diHuovory of 
fossils in Siwalik beds. Mineral roaouroos of Andaman iHlaudH m neighbourhood of Port 
Blair. Intoriirappoan beda in Deccan and Laramie group in Wo.stein North America. 

Part 3 {out of print ). — Microaoopio atnioturo of aomo Aravnli rooks. Si'ctlou along Indus from 
Peshawar Valley to Salt-range. Hitos tor boring in Haig.irh-llingir ooal-lleld (lirst notice). 
Lignite near Itaiporo, Oontral Provinces. Turquoise mines of Nisluipfir, Khoraasan. t’iory 
eruption from Mynbyin mud volcano of (Jho Jnba Island, Arakan. rjangrin oual-licld, Houth- 
Wost IChaaia Hills. Umaria conl-flidd. 

Part i {out of primi ). — Goology of part of Gangosulan pargaua of British G.iiinval. Hlatos and 
soMats imbedded in gnoissoae granite of Nortli-We.st Uiinalayaa. Geology oi Takht-i- 
Suluiman. Smooth-water auohoragea of Travancore co;iab. Auriferous H.iuds of the 
Subansiri river, Pondicherry lignite, and phosxihatio rooks at Ahtsuri. Billa Surgiun oavoa. 


VoTn XVm, 1886. 

Part 1 {out nf print), —Annual rowrt for 1881. Country Iwbwei'ii Siagaroui i)o.il-lh*l(l and Kistnn 
river. Geoiogioal skutoh of oountry botwnon Slngaroui coal-liold and llydoralind. Goal 
and limestone in Uoigtimg river near Golaghat, Assam. lfuino1ia)i.is, UrS iJlusbratoil from 
Indian fermatlons. .Mghan hnUl notes. 

Part 2 . — ^J<''oHsiliferoUB series in Lower Ifiinalaya, Garhwal. Ago of Maudhali series in 
Jjowor Himalaya. Siwivlih oamol (Oamolus Antiquus, nobis os I'’ah!. anil Oaut. ME.), 
Geology of Ghamlia. Prolmbility of obtaining water by means of nrl«*si,iii wells in pbumi 
of Upper India. Art(‘,slansuuPuos in plains of Upper India, thudogyof Aka Hills, Allngod 

' tendonoy of Arakan mud volcanoes to burst into eruption most froquoutly during riiiiiH. 
Analysos of pliosphatio nodules and rocklnuu MiiHsmirnsi. 

Part J {out nf ;)ritt/.),--Goology of Andainan Islauds. Third species of McryeopotainiiH. Bor. 
onlition o.h nnceeted by current. Birthaiiii «.nd Gbaudpnr meUwiriU'a. Dit-weJls und ooal 
in Thayotinyo distriut, British Burma. Antimony de^ioHifiij in Maulmain disLriet. Kiiishmir 
oarthquake of ;M)th May 1883, Btsigal oiwthquako of 14th duly 188.1. 

Part 4 {oat nf -print ), — ^Geological work in Chhattisgarii tbvisicii of Central I'roviiuioH. Boiigal 
earthquake of 14th July 1883, Kashmir oarthquake of 30Lh May 1885. Evcavatioiw 
in QUia Siirgam oaves. Nupnnlite. Eabotmivhet meteorite. 

Vox., XXX, 1886. 

Pari 1 {out of prirtt ), — Annual report for 1885. Intornational Geoiogioal Iktugroas of Berlin. 
Palinossoio Eoasils in Olivo group of Salt-rango. Uorroiation of Indian anfl Aimtmllan oool- 
beaiing bods. Afghan and Persian Fiold-notos. iSeotitm from Eimliii to Wangtu, and 
petrological clurootor of Ambhibolltoa and Quartz- Dioritos of Sulloj vallny. 

Part 2 {out of print ). — Geology of parts of Bollary and Anantapur diatricta. Goology of Upper 
Dobing basin in Sinmuo Hille. Mioroscopio clmrootora of oruption rooks from Con^:^ 
Hiraalayas. Atammalia of Karnnl Oavus. Prospoots of finding ooal in Westom Itajputana* 
Olivo group of Solt-rango. Boulder-bodfl of Bolt-raugo. Qondwnna Koraotaxis. 

Part 3 (oitf of print ), — Geoiogioal sketcli of Vizagapalam distriut, Madras. Goology of Northern 
Josoimor. Miorogeopio struotuxe of Msloui rooks of Arvali region. MalanJkhamU ooppor- 
ore in BsJsghat diatnot, C. P. 
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Part 4 (out a/ prtiti).— -I*otrott‘nm in tnitiOi. IVliroloniii (ixplor/itiou nt Khiltna. tioriing iii 
Obattifl^iirh oonl-fioldfl. b’iold-nolp from Af^hnniHiiin : No. 1), Tni’liislitin. Finry rruiJ- 
tioji from one of Uio mud volfonoPH of f 'lic<liil)a iHlnnrl, Ariikfiin. Naimuiiinllitil ncrolite. 
AnalyaiH of Kold diini fi'om Mrzii valley, TjnH'r iinrmii. 


VoL. XX, JH87. 

Part J (out of pri/if). — Aiiuiial rojiorii for Ii’icdd-noLoH from AfL'liauisLuii : No, 4, from 

Turtifltiiu to India, rhyaicol gcolofty of WosL Hrilisli (Jurhw.il; witli notca on a routo 
travorsod through Jaunaar-JJawar and Tiri-darUwal. (icology of ({.iro llilla. Indian 
image-atunoa. Soundinga recently token oil liarren IhLukI mid Nareondam. Talolur 
lioiilfler-hoda. Anolyais of i’lioHphaiio Nodules Irom Kail -r.inue, I'linjali, 

Peart 2 (oi/i o/ prittf). — Fosail vcrlebrota of India. Eehiiuudea of en iiiccou« m riea of Lower 
Narbada Valley. Eiold-iiotos : No. tJ — to aocumpuny gi'ologieal HlveU-li iii.ip of Afghanistan 
and North-Eoatern Khoraaaan. AlieroMoopio strneture of ll.ijiii ilml mid Deeivm traps. 
I^doritc of (ilior. Idouiity of Olive series in o.ihI, iviili H]>eul,li>d smidstoiu' in west, of 
Solt-rango, in Punjab. 

Part A . — Retiremout of Mr. Me<Uieott. J. 13. MuHliketfjQ’s Ueology of Uus-ii.in 'ruvkistan. 
OrystoUiuti and motamorpliio rocks of IjOiver llimiilaya, (larliiv.il, ninl Kiini.iuii, Seel ion 
1. Geology of Simla and JuLogli, ‘ TjaUtpiir ’ mt'leoriU*. 

Pali ft {oat of print ). — Points in. Himalayan ''eology. llryMt-illinn and nn>Uimorj»lne roeks of 
Lnwor flimalaya, Oarhwal, and Kiimaoii, Keetioii 11. Iron indiisliy of wtsiiTii porlion 
of Uaipiir. Notes on Ujtper Rurina. l3oring exploration in (Jhlmtlisgarh en.il-Iield (S<‘i'oiid 
notloe). Pressure MotamorpliiBni, with rofereneo to lohatiou oi Jlimnlnyan llneisHoso 
Granite. Papers ou Himalayan Geology and Miorosoopio Potrolnjjy. 


Voh. XX r. 1388. 

Part i. —Anmial roiwjrt for 18H7. CTystalline nnd moinmorplilo roeks of Jjoivor Himalaya, 
Gnrhwal, and Kumaim, Soollon Ilf. Itirds’-neHtof I0h*])liun.(. Island, Abrgui Anihipelngo. 
Exploration <»f iloaalmcr, with n view to dhieovery of otuil. l-’iieetled pebble from Iwnildur 
iH'd (‘ HiHJokled aandstono 'j of Muuut 1 'hoi in Kalt-iimgo, Punjab. No<liilar .^toiie.i obtained 
oh Oolomlm. 

Part 2 (out of 'print ). — Award of WoHhhIou Gold Metlal, tJeologieiil So<*ioly of Uuidoji, 1HHH. 
Dharwar System in South India. IgneouK roukn of llivipiirniul 15 da,'bm., ('(‘ulr.il Provirw es, 
Nangur Marg and Moliowgaln eoal-ljolds, Kniihniir. 

Parts (out o/ jsnnl).*— Marignneae fron and Manganeno Ores ol •Jabalpur, (larbonifepouH 

Glacial Period,’ Pro-tertiary wdimoutary formal ions of Siirda ri'j'iiui of l.oiK'r IlimalayoH. 

Part 4 (out of print ). — fudion fossil vertobrab's. Geology of Norlb-lVest llitu.ila,vaH. UIowii- 
sand rook soulpturo. NuminulllcB in Zanakar. Mira trajis fnnn li.ir.ikar miuI l{anigHiij. 


Vor.. xxn, 1881). 

Part 1 (out of jiriffi),— Annual report for 1838, Hhanvar System in South Imlia. Wajr.v Karur 
diamonds, and M. Chapor’a allogml disoovery of diamonds in. pegin.itite. Gonerio jtosition 
of so-osllod PlosioBaurus indioua. Ploxihlo sandsiime or Itacohimlle, its nature, imale of 
oocnrrenoo in India, and uauao of its flexibility. Riwalik and Narbatla Olu'htula. 

Part 2 (out ^ print ). — >Tndlan Steatite. Dislorb'd jmbbles in Kiwulik eonglotnor.ak*. “ Ciirbonl- 
feiousGlMial Period.” Notea on Dr. W. Waagon’w ” GarboniferouH Glacial Period ”. f)iN 
fields of Twingonng and Borne, Burma. Clypsura of Nohal Nadi, ICi*m.aun. MatcrialH 
for pottery in neighbourhood of Jabalpur ana Umaria. 

Part 3 (out of w'Tif).— Coal ontorom in Sharigh Valley, Baliiebiubiu. fl’rilobiteh in Neulmlua 
b^ of Salt-range. Goologloal notes. Oliorra 3’ocmjoo coal.nuldii, inJCkisla llillH. Oobal- 
werous Matt from Nopdl. President of Qeologi^i Sooioty of J^ondon on Intornatlonal 
Geological Oongross of 1888, IJld-nitning in Morgui diHtrict. 

Pta^J^outof prinl),— -Tjand-tortolfios of Slwaliks. Pelvis of a ruminant fi’om Slwaliks. Assays 
from Sambhor Snl^Lako in Rajputivna. Maugaalftiraiu) iron and Man^ffaueBa Ores of .l^abiil’ 
j^ur. Palagonito.bearing traps of HAjinolidil hills iwid Duooan. 'J’iu-Bmoltiaa in Malay 
j^ins^, Provinoial Index of Ixioai Distribution of Important Minerals, MweellaneouB 
Minerals, Gem Stones and CJuojty Stones in Indian Empire * Part 1 . 
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Toita XXm, 1800. 

Part 1 {mt o/ jjjiTj/).— Aminnl rcpfirt fcr 1889. Lakadong conl-fieldp, trniniia Hilla. IVctoral 
nnrl pelvic niullcH mid hUuU of Indian Dicyonodonl r. Vertebrate rewainn from Nagpur 
distiid (with (N sci iptioii of JiHli-Hbull). Cryfltallino and itiolamorphio tooI.h of Lower 
Tlimalnyiis, (i.nliwiil and Kumriun, Keotiou IV. Bivalves of 01ivo-gronj>, Salt-innife. 
Mud-bauks ol Tinvimcoic coasts. 

Pari 2 (out oj piinl).- I’tivoleuin cxiiloratious in flarnai distriot, Balucliintan. Siipjiliire Mine 
ot Kaslimir. SujJiMisod Matrix of Idamond at Wajra Karur, Madras. Sonajict Onld-ficld. 
Ficld-iiolcs fj-om ISlian riilln (Uppot Burma). New spooies of Syi'ingosphncridfe. 

Part 3 (out of pr/n/),— (Jcology and li!conomio Jlcaources of Country adjoining Sind-l’ishin Bail- 
nay btlmsn Hliatitdi and BpLniaiigi, and of eoiuiiry btdwecn it and Khattan. Jonrney 
tlnoiigli iudia. m 18SS-SI), by Dr. Johannes Waltber. Coal-fields of Lairunguo, Moonan- 
drmn, and filao-bo-bir-kar, in the Khasi Hills. Indian Slealito. Vrovincinl Index of Local 
IJjBfcrilmtion ot hiiportniil Mmerals, Miscella noons Minerals, Gem Stones, and Quan’y Stones 
in Indian Ru.jiire. 

Part 1 (nut of print).- Geological sketch of Naini Tnl; with remarkH on natural coudilioiis 
governing nioinitain slopi's. Bo'^sil Indian Bird Bonos. Darjiling Coal bolwcen Liau and 
Kamtlii riverH. Basic Rruptivo Books of Kadnpah Area. Det^p Boring at Lucknow. 
Coal Seam of Dore Hu vine, llaKtira. 

VoL. XXrV, 1801. 

Part J (out of pi hit ). — Annual report for 1890. Geology of Sall-r.ancfO of Piiujiih, with 
ro-consiclcn«d theory of Oiigin and Ago of Salt-Marl. Graphite in (l(‘oouipohed ChiidsH 
(Latcrite) iii (Vvlon Glaciers of Kabrii, Piuidiin, etc. Salts of Sambhar Lake in Raj- 

S utana, and ‘ Itch ’ from Aligarh in North-’Westoni Piovinceti. Analysis of Dolomite from 
alt-range, l’uu|.d). 

Part 2 (out of print).- Oil near Moghul Ket, in Sheriliu country, Sidciiiinn Hills. Mineral Oil 
from iSuleiinaii Hills. Geolouy of Lnshiii HUIb. Conl-Helds in Norlhern Rliau States. 
Heported Nauiheka Iliiby-Rlme in MaiiigiOn Stale. Tourmaline (Schorl) Mines in MniiiglOn 
Stale. Halt-spring near Hawgyo, Tliihaw State. 

Part ,3 (out of print). — Boring in Daltongujij Coal-field, Balamow. Doatli of Dr. Ik Martin 
Duncan, [’yroxenic vuriotiow of OneiHS and Senpolite-lx'aring Eouks. 

Part 4 (out of print).— Mammalian lionefi from Mongolia. Darjiling Cool I'lxploration. Geology 
and Mini'rul llcBOurces of Sikkim. Books from tUo SulWaugo, Punjab, 


Vot. XXV, 1892. 

Part t (out of piint).- Annual reiKirt for 1891. Geology of Thai CbotiiUi ami part of Mari 
oouiitry, I’elrological Noh's on Boulder-bed of Halt-rango, Ihiujnb. Siih-reeeiit nml 
IL’cent DcpesilB of valley jilains of Qiiotta, I’isbin, iind I lost-i-Bedalot ; with appemlieeH 
on fJliaiiimaiis ol Qiu'tla ; mid ArU'hian water-Hupply of Quotta and BJshiii. 

Pari 2 (out of priul). Geology of S.ifed K61i. Jherria Coal-field. 

Part :t (out of jniul).- Locality of Indian THcliellkinito. Geulogiual Sketch of country north of 
Bbaino. I'lcononuo resouroch of Amber and Jado minos area in Upper Burma. Iron-orcB 
and Iron indaHtries of Salem Distriot. Bielicokito In India, Cool on Groat TennsBcrini 
Bdvor, Lower Burma, 

Part 4 (out of print). — Oil Springs at Mogul Kot in Shlrani Hills. Mineral Oil from Snloiman 
Hills. Now Aiubar-iiko liosin in Burma. Triassio Deposits of Salt-rongo. 

VoL. XXVI, 1803. 

Part 1 (out of pm/).— Annmd report for 1802, Central Ilimalayas. Jadolto in Upper Burma. 
Bunnite, now KoRsil Reflia from Uiipor Burma. Prospecting OiXTatlons, Afergui District, 
1801-02. 

Part 2 (out of print), — I5arfchf|iittko in Buluohisian of 20lh Doeombor 1892. BurndtiO, new amber- 
liko foHsils from Upper Burma. Alluvial doposits and Subletmnean water-supply of 
Rangoon. 

Part 3 (mt of prinf). —Geology of Shoroni tliUs. CatboniforouB FoafiUs from Tonossorini. 
Boring at Chfindoniagoro. Qronito in Tavoy ami Alorgul. 

Part 4 (out of prtn/).— Geology of country batwoen Cbappor Rift and Hama! in Baluchistan. 
Geology of part of Touaaaorim Valloy with special roforonoc to Tondau.Kamanyipg Ckwd* 
hold. Mo^notite oontoiniug Manganese and Aluznina. Hislopite. 
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VoL. XXVII, 1804. 

Part 1 {mtl of jj;inO-'~-Aiinufil roiKUt for 1803. lilin^'jnnwala Cttiil-fifUl, Rali-iunf-ti, iNmjab. 

Part 2 (oitt of ptinl),- Vrtfftlciiiu from Itiinna. {rjiii^aioui C'oul-fuOd, llycU'rabnd (I>i‘i>cnn). 
Golma Landslip, llarlnvnl. 

Part 3 [uni of (’aml'iiaii Vnrmntioiiof EaMnn RnU-r«n;ir. Oiridili (Karliarlwi'i) Conl- 

fioltlH. tJlnppad (?) ]'’lijdH in Upper Mioeeuo of liiirmn. VelnleH Selimideliuufi, (lliemu., 
and rrov(‘l.deh iiiniKlix, Sow. sp,, in 'JVrliaiy Konn.dinu of India mid Lnrina. 

Part 4 [out of pi ini).- l{e(jloffV of Wmdho Jii U|i|H‘r iiurnia. KchiuoidH from Upper (VeliieeoiiB 
SyBtoiiiol Hiiln'diislan. Jlifj;ldy L'hoapluUio Mica IVridolilc'H jiilnisive in Ixiwer Oojjdwnua 
Bockn of IJencfid. Miea-llyperflfhi'nc-lIortilJeiuIe-lV'iidotiU* iti Hmsal. 


Von. XXVI II, i«or>. 

Part 7, — Annual ri'iKtrt. fipr 18iM. Cudnceoiiii Vnimalion «f l*ond ielierry. Kaily allnsitui lo 
Jlarrou lidniid. J^ihli<t/’i'!ip]iy of linrieii IhIiukI and Ntirronduni from 188-1 lo ISO-l. 

Part 2 [aid of print).- CretaeeoiiH HocJvh of Soiillicrii liidki and ^eu^raphi* iil cimdiliojiH dnrinR 
later orelneecmH linie.i. E\iM*rjineid«l norinu for iViroleum at Sukkur from Oetolxir 1803 
to Mareli IflUfi. 'JV-iliury lystom in Burma. 

Part 3 [ovt of prini),— JadeiB' and oHht ruekM, from Taniinaw in Upper Bunua. Oeolopy of 
Toehi Valley. I.nwer (lomlwannH in Ar«eniinn. 

Part i [ont of ptint ). — lonooiiH lloekH <if (Jiridih (Kiirliiirbiirec) Coal-fiold and their Coni net 
UlTeota. Vimlbynn ojHlem mmlh of Sou<> andllw'iTridationto ao-oallod Imwer Viudliynn. 
Jiowor Vindhynn oi-oa of Korw Valley. Terliary Hyatfra in Burma. 


Von. XXIX, IRDC. 

Part 1 [ont of jtrint).- Annual rejiorf for 1805. Aei«-nlar Im-luHionn in Indian ClunielH. Origin 
and Growl h of Gnrnels and of iheir Mierojvof'niatilie iult-rKrowthH in Byroxeivio roekH. 

Pori 2 [tynt iifpnnl).^ ri(/i-.i.l)ni.i« roekii and derived minerala of Ohalk (Majinenito) InUn, and othci 
loenlilioH nt*nr Sulem, Madr.m, <^l^nlldlln^ loealilioB in Salem and Cohnbntoro diflliiolB, 
WadrnH. Corundum nntl Bynnllo in Mniiblium diHtriol, IhmRid. Ancient Geography of 
“ Gondwami-land.” Nolea. 

Pori 3.-— l<taeouH lloel.o from Lh(> Toold Viilloy.^ Not<*H. 

Part i [out of pi in t). Hlotililo TniutH. Minlui diidriel, Bumiii. Vindhynn (Sub-Knimur) 

orwv of Hoiu) ViUU'y, Ilownh. No(w. 


Vuu XXX. 1R»7. 

Part 2 [out of yjrf/il).- ■Annual reiMirt for IBJlO. WorJlo and aasorialed Iknio DykcH and 
Imva-floWH in SouUu'rii Imlia. (h-nua V«rt«brnria. On lUowiojrteriH and VerB'brarin. 

Part 2 . — OrolaiieouH OopohItH id IVmdieherrl. Nolea. 

Parts [out of print).- IdowHlnu-lurehi Ipm-ouadyko. Olivino-norilo dykeii at ('oonoor. Uxeii* 
vatinuB for eoruuduni near rididvoil, Kaleiiii niHtriet, < )eourr«‘iu*o of <>oul nt Palana in 
Bikannr. Geoherienl Hpceimeiw eojleetml by Afi'han>Bahiel) Boimdnry Comniiahion of 1800, 

Port 4 [out of jorirtl).— XeuiHlile from Af^rhauiRlnn. QvmrtK-baryti'H rook in Kulem riiHlriot, 
Madras Preflidenoy. Worn femur of llip)H>putamuB irravadicun, Caut, and b’alc,, from 
Lowar Plioeojio of Buriua. Suxipoaud ooal at Juintia, Baxa UiiurH. Porouwiion Figures 
on mloos. Kutf-B. 


Von. XXXr. 1904. 

Part J [out of prini).'- -Prefatory Kotioe. (3op]wr-ori< nonr IComni, Darjiling diHlriet, Xowau 
beds in Vihi diHlriat, Koflumir. Coal dopofuta of Tiui Khol, Miimwnli diatnol, Punjab. 
XJm-Rilonjr onal-bodB, Aiwam. Sapphhnno-Mcarlng ruck from Viaigapatam diatriot. ilia- 
ceUaneoua Noios, Aimya, 

Port 8 (oMl o/ prir?!).— Lt.-Genl. C. A. MaoMahon. Cyelobiia FTaydi'nl Tllenor. Aiiriforoua 
ooourfonoofi of Chotn Nagpin, Bongal. Onthofiuiaihility of introdumng modern inothotla 
of CSoko-making at Kust Imlian IWlway Cbllioriefi, with Hupplomonlary note by Director, 
Geological Survoy of Tndia. JfiHoeJlanoooa Notoa, 

Pori S (out of print ), — Upper Pahco?j)lc fonuafcioim of Eurosla. Glnolation and ITiatory of Sind 
Vall^. HaloTitios in Trios of BaUtohistnn. Qoolofiy and Minorol Koaouroea of Mayor* 
bhan] . Miacollanaoua Xotoa. 

Pari 4 (owl of prini).— Geology of Upper Asiwaa. AniiforouH Ooonixonoos of Assam, Oucious 
oecormee of SsapoULe wm Maoi^ Prsskbnoy. Hisoellanoous Kotra. Index. 
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Vot. XXXII. 1905, 

Pdit t. — n.ovi<-w (*t Mineral I'rndnrllon of In<lia dariim 1898-1003. 

« {out of ficiimil report, April 1909 to DerpTtibor lOO*], Ooology of Vro\hiceB 

of Tpano nncl I • in Tilitt. Jlanxito lu India. Mii>oolianooiiB NotcH. 

Pint 3 {(iiif o/ Aulhrai'olitliic F.inna from finlianHiri Clorj'p, AsBam. Mcplioe AnUqmin 
(NnmadioiiB) in Cio(],)\.tii Alluvium. TiiasBia Fauna of Tropito 9 -Liin<‘Blono of Byans, 
AiuhlyiLroiulc in ICasJtinir. Mi'n'rllanonua NoIph. 

Pari J.-~ Oliitunry nutici'g of U. B, Modlipoil and W. T. Blanford, Kangra Eorthqtiako of 
'1th April 1905. Index to Volume XXXTI. 


Voi,. XXXm, 1906. 

Part 7 {out oj ;^iwl).~-Mmf'r.ii I'rodnction of India during 1904. Vleisloeene Movement iu 
Indian Veninsnln. Bocont Cluni"rH in Coutmi of Nani-tiv River, Wortkeni Sliau WtnteH. 
Natural Biidge in flokicik Gorge, iieology and Mineral ResonrocB of Niirnaul TMtitriet 
(Patiala Plate). Mi'icellancoufl Notee. 

Part 2 {out qf pr!)U ). — General niport for 1905. Lashio Gunl-liold, Notlhom Nlian, PtatoH, 
Namina, Mannang and Mnn-fie-le (Vwl-fiolclH, Noitliein Khan States, Burma. MlsvellaneouB 
Notes. 

Part S {out of /iriwl),-- -] Virology and Mnnunnese-ore DoiK)f.lls of Sausar TnliHil, Ohhind'wuru 
diHtriot, Oi'nlral Provinces. Gi^ohniy of pa it of valley of Kaiihan River iu Nagpur and 
Cldiindwiira diatriela, (Vutial I’loviiwes. Mangnnite from Snndur IJills. MiHceJlaneoiia 
Notes, 

Pml 4 {old of pi int).- roinpte ition .and Oiinlity of Indian Coalh. GhiHHifieation of the Vindhyan 
Kyfitem. (h'ology ot Ktate of Paniui with nleienei' to tplio Biiimond-beiiring ItenoHits. 
rndev to Volume JXXXlll. 


Vox.. XXX IV, 1906. 

Pari 7 {wit of pr/n(),— FosmIb from IlaloriteH TAmpHtonc of Bamhanng OlilF, Knmomi. TTpjM'r 
Triaftwi* Fauim from I’isliin Bintriet, Baliiehibtnu. Cldologj' of portion of Bhutan. Goal 
OeeuiTcneea in Foot-liillM of Bhutan. Daudll Goiil-fleld s Coal ontarojis in KotJi 'PobHll 
of tjamniu Htato. MiK'olIunooiiB Notes. 

1*nrf « {nut of pnhi).- Miinual prmlin-tinn ol India during 100.5, Nuinmulites IknivUlel, with 
ivinarks on JJonal Distrilmtloii of ludiiin Nimini iililes. Aimferuua Tract ft in tkiuijiern 
rntliii. Ali.indomoenli td CollierioH at Wniora, C'entrnl Provinees. Miseolhuieoiis Note..", 

Vftii " {out of piivt). KixploMieu Craters In lx»\veT Chiiulwin I iist riel, Burma. LavAHot Vavagiol 
Hill, tlililw'te with MnngfineK‘-oie from Talevatli, B(>lgiiuni <]iHiii<d, and Gildiaito from 
Bhekowli, Satiu.t. De.tiuli. (lliMMtieation of Tertiiu'y System in Kind with rofert'n-t) to 
Zoiuil l>i^tlil)ut{n 1 l <if Foeeiie Kelilnoiden. 

Pm i i {(ltd of pi lid),' J.iii]iur and Narii-a Cnal-fiehls, Ifpiior AsHain, Makiim fUial-fleldH htilween 
Tinip aiul Nimidang Hlrt.uus. Kohat Antioliiie, near fkdklein, Myingyau dislrfel, Upper 
Oumn. AHyimnetry el Yenaiigynt-Khwu Anlieline, Upper Butina. ' Northern itart of 
Gwegyo Anlieline, Myineyan IWatriet, UpiK*r Burma. Breynin Miiltlliih<'reulat«, from 
Nari of Haliiehi''tuii niitl Mind. Index to Volume XXXIV. 


Von. XXXV, 1907. 

Part 1 {out of print). Getttirtil roporl for 1900. Orlhophroguiina anil T^pidoeyelina fn Numtnu- 
HlioKerieft. MeltvirieKhoweroruaiid OelohorliKlSat Dokaohi andnnighhonrhond, liaeea 
iluitriet. 

Part 2 {tmf of print), - Tmlinn AoroUtes. Brine. w*lls at Baweyo, Nortlinnn Shan Slntee. Clohl- 
bearing Ih'poHils of J-oi Twang, Khan iStates. Pliyaa I’MumtiII in Maoatriohtuitt Ktrata of 
Bahuddstan. Miseellaneoiw Notes. 

Part 5,'— PreHminacy nurvey of eerl jdn Olaolers in Norlh-West irimalaya. A.“— Notes on enrUdn 
Olaeleif? in North-West Kashmir. 

Part -Proliminary eioww of certain Qlaeioro in, North. Wctal Illmoloyo, B,— Notes on owtain 

Glaeiors in Baiural. 0,— Notaa on eortaJa CJlaoiwts in Kumoon, Index to VoltnaQ XXXV, 
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Vnr. \ 'TXVt, 1007.08. 

Part t{au* ij p/inl) IVliolontnl Sfml'V ol l?o(! ifiom Itill (ia<f^ Vi/acapalain rli-'tiki, Madina 
Pi»>sitJnu>. Niplu'Imt fium . Vi/>' ip i< nu dis(ii< 1, ‘M.idtOH rittiidorw y, 

Kti.vtiiii.ipIiuftn*o*iiti(m oMJiitK’UMopUii |{i‘dM of K nluiiii Volt a-jiio tmtlmrsf of laito 
Teiliaiy Asc ill Houlh Mm mil, N Hli m Ml ilis New •luidn* fioin Hugti ITiUs, M.iluthwtan. 
J*<Mjno-C)ulH)iiil<’U)iih I’l.iiit'' fiom Ki-IuHit 

Pari ? (o«t o/ prin.t).~ Miudnl Fiodiutiun, of Indm dmiu*' IJM)0. Ammonitoa of Ikurh Bods. 
MiswdlnneouH Nnlob. 

Part 3 (nvt of prUii).— Mnritio fivmds in, Y<nini,\aiinR oil fitdd, Upiior Bmmn, "Piodiwatpr 
ftholla of RonnH D.itis'iii, in yonjuifly.uin" oil in Id, Mpjioi Binma. New Speeiia of Pondro- 
phylHn fioni Upper Miomie of Jinrinn. Stun line .md n^ie of Tn.nnntlin hills, MyinRynn 
distiiel. Upper Butina. KoMil*! fioin S<diin<niniy nukq of Oiinn (Ainhia). Biibies in 
Kachiii hilld, ITppei Biniiu Co Iiucohh Mrhitoide of liidi.i Two (\vh utta Eaithqualtes 
of 19011. MiseellnnooiiH Nnle*. 

Pa%i4 (outof priflA. I'heiido Fiicoifli from l*ah wmdsfoneH ni Voif Miiiiio, ind fioui Vindhynn 
Berifii. ilfwkiie in K.wldii IHUs, Mppi‘r Burma. Weiehok-Yedivii PoRu oiiteiop, Mbrivo 
diidrirl', lippiT Burmii. Mioup ol M)ui(t.iinteH, {ninpriidu" Jloll.iuditr', ViuloiiioUne and 
Oorouiidite. 0»>einiener of Wolfiaiii In N.i."pur diM rh t, (Vtdi.il I’rovhues, MiMilInmoiifi 
Notofl. liidf X to Vohiino XXXVJ. 


Vot. XXXVTf, 1009.00. 


Pari 1 (avi of prfnf).- -Ooneml lepntf for 1007. Miner.il Prodiudion of India diflhiR 1007. 
Ooourtetieo of irtiiattHl houldei'4 in Bhiiii loim ilioii of Mimhi. Weiellineoiiri No1e<i. 

Part B (out of pritii).~~'Inii>ixty imd PoHl-Toifinry Fie^hw ili r Ih po IIm of naluehiHlan and Mind, 
Ckwlogy and Mineral lle«.niireeH of Kn^piphi. MtaUs WiiiiiiluUty of f.uudH in Pvajinalinl Hilln 
for plasa mnnnfnetme. Thien new Kl.iie'moHe-lMiuinn niineiiilM Viedenbnrgile, Mltn- 
pfljrito luid Juddite. liivlaMilCH fiom (Vnlml PiovmieH. MiscellaiW'Ons Noles. 

Part 3 (out of print).- Moulliom pnit of (ineRyo Mills, lueludinR P.iynRyiKim-NRftshnndmmR 
Oil-field, adver-lond niinen of ‘Buwdwln, ‘Northern Shan Mtate'i. Mud voleanoes nf Amkan 
Cooei, Buma, 

Part i . — Qypftum T)opoHitfl in Ilamirpiir dhlikf, lTiiii/<l rnivinwR. Goudw.itiHH and related 
marine sodimonlary syntera of Kaftliinir. Miwlhiiu'ouf* 'Nole*i. Index to Volume 
XXXVTI. 


Vnt. XXXVIIl, 1000 10. 


Part (loiWTftl mpnrl for 1008, Minoi.d PrtMliielion of Indin diiiiui,' 1008. 

Part 2 (out of print), Onliea Intiioiin'mntn in “ VenaiiRyiiim" i.fie'e *’ of Biiinia, Chinn ehiy 
awl Km'.fllny dopoftil'i in llaiiunliAl HUln. ronl at' Uilliutrla in Kajtnahnl hilln, Pej'ii 
Inlior at Ondwe, Mrtinwo dudrief, MiijMsi’ Bmnm. Mull Ik'positb ol BHjpulann. MiM'elh- 
neous Noiaf). 

Parts. — Geolony of Hatnwnn, Jkalnwnn, Mokian and Ihe Ml ile of I-nn Ihdn. llippuilte InnuinR 
Limesioun in Reintan and Mookify of adjoining repltm. FiiMiiliiiidn* Iioiii Af'di inihliu.. 
MlHeellaneoua Nntoh, 

Part 4.— Geology and Pro^HHitn of Mil in Wmlem Promo luul Kama, T^iwei Bumh (iiu-lndlnq 
Namayon* Pailntiug, TauiiRliottyl and Miainy). Beeorrolation of lN‘pii flyHiem In Huima 
with notes on llofijion of (MUlieailnR Hliala (hirhidinR (SeoloRv of Padankithi, limihyin 
and Aukrannein). FubhiI lilak Teeth finm Poru HyRtem, Burma. Noriwu-n port of 
Yenaugyat Oil>il<ld. Iron Or<>H of Oluinclu, (Itnliul PutvIneoH. MooloRy of Aden Mluhr- 
land. Felrologtoal Notes on toeka nonr Alien. (Ipper .ruriiHRic Foisilfi near Aden, MIr- 
oellaucnus Notes. Index to Volume XXXVIIT. 


Vot. XXXIX, 1910. 

Quinquennial Bevlow of Mineral Prodnotlon of India durliifi IflOd lo lOOS (md of print). 

Vatu XU, 1010. 

Pari 1.— Pm-rarhoniferoun Ufe-ProTinoen. T^kos of Malt llHnstr in Ihc PnMjfth. Preliminary 
(mrwy of certain Glaniors In Tlfmalaya. Kotos on rot tain (llaei<‘r« in Hikkim, New 
Matnmallivn Genera and fipoolns from TertlarieB of InfUo, 

Pari 3} (out qf print).— Omeral Koport for 1009. Minoral Prodaetion of India during 1009. 

P«rt Clasaifliwktion of Tortiary Froahvater T^poaits of Tmlia. Itoviaiott of Rllnrinn- 

XriM Seqnonoo in Kashinir. Ffitieato11&>hear!ng Imda in fCiwbmir. 

f<w£ of -Ahx^ Shale nnd Altwn llrmu/aotBra, Kadaln^pbi, MUnwali diirtrlcl^ Punjab, 

uo^natga in Nutth-jBiwtam Assam. Sedimentary Pqposttkai of Oil* MbwoUan^Mk^ Notip** 
{ndeitlio Veiiiins X lrt 
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VoJb 2.U, 191142. 

J:^atl 1. —Ago aiui oontiuuatiun in Depth a( Mangannao-oros of Nagpuc-BalagluUf Aroii. Oonti’iu 
Pruviuous. M.iaganodQ-orn dopuait'ti of Uangpiur Idtatc, 11engai> and Distribution of Uoudilo 
SoricB in India. J3aluchiht.ku Earthquake of 21st Oui^bor lUO!). Identity td Ostrua Pro- 
monsiH, Moctling, from Pegu biyatom of Burma and (Jstreu DigitaJina, Eichwald, from 
Mionone of Europe. Mr. T. B. Blyth. Mifluellanooua Notes. 

Part a , — <lonoral Boport for 1910. Devuniau Possila Irom OhitraJ, Persio, Afghouision and 
BimoJayos. Soutiuus in Pir Panjal Kango and Sind Valley, Kashmir. 

Part 3 . — 'Mineral Produotion of India during 1910. Samarskite and othor minerals in NoUOre 
Diatriot, Madras Prosidonoy. Coal in Namohik Valley, Upper Assam. HisceUaueous 
Notes. 

Part 4. — Pogu-Eooene Sueoession in Miubu Distriot near Ngapa. Ooolo^ of Honzoda Distriot, 
Burma. Geology of Xionor Lake, with note on Lonur l^da Doposit. Zntomatloaul Gem* 
logical Oougioss of Stookholm. MisooUanooua Notes. Index to Volume XLL 

Vot. XTiH, 1912. 

Parti , — Surrival of Miocene Oyster in lirooont Seas. Silurian Posails from Knshmir. BlOdito 
from Salt Range. Gold-baring l>epo.sits of Moug Jjong, Xlsipaw Slntu> Northern Shan 
States, Burma. Btuatito Deposits, Idar State. Misoolionuous Notes. 

Part S.— General Jhtoport for 1911. Dieotylcdonous lioaves from Coal Moasuros of Asaam. 
Poting Glacier, Kumaon, Himalaya, Juno 1011. MLscL'Ilaueous Notes, 

Part 3. — 'Mineral Produetion of India during 1911. Ivnduritc Serloa. 

Part 4 . — Goologiaol Lleoonnaissanee through Dehoug Valley, being Chmlogiral Results of Abor 
Expedition, 1911-12. Traverse across the Naga Hill j of As'iam, Indian Aorelik'S. Mis* 
oolhuiuous Notes. 

VoL. XLIJI, 1913. 

Part 1 {out of pt'hit). — Oonorol Iteport for 1912. Garnet as a Geological Barometer. VVuUramiio 
in Tavoy District, Lower Burma. Misoellnnenus Kotos. 

Part^ {out of print), — Mini'ral Production of India during 1912. Itolationflldp of tbo lUmat.iya 
to the Indo-Gaugetio Plain and the Jmliiui Peninsula. Bambergito from Kos^lunir. 

Part J.- -(Jontribntiona to the geology of the I’rovinco of Ytianon lu Western China: L. — 
Bhamo*T^ug*Ytlofa Area. II.-*^J’'otrDlogy of Vbluouio Jiooka of Tfng'Vduh District. Tlio 
Klrna HIUb. Bonswal Aerolite. 

Part J.— Jlold-bearlng AUnvium of Ohuidwin River and Tributaries. Currolutjcm uf Siwalik 
with, ^mmal Horizons of Europe. Coutiibations to the Geology of tJie Province of 
Yannim in Wwtern China : III.— Stratigraphy of OrdnviuiATi and Silurian Beds of Westom 
YQnnon, with Provisional Paheoutologloal Di'lenninuGuns. Notes on '* Camaruuriniu 
Asiaticus ’’ from Burma. 

Vot. X1.1V, 1011. 

Part f.-~Geaoral Iteport for 1913. Oarbonauoons Aerolite from Rajputaua. NammuUte 
as Zono Fossils, with description of some Burmese sjieuios, 

Part 0,— -OontribnlionH to the Geology of the l*rovinco ot Yiimiau in Wostorn China: JV.*~- 
Country around Yiuuian Fu. J>yk« of wldto Trap from J'\)noh Vulloy Coal*iio1<J, 
Ohhuidwara District, Central Provimios. Mineral eoneessionfl during J913. 

Pari 3. — 'Ooul-BoomH near Yaw River, Pakokhu District. Upper Burma. The Monazito Bands 
of Travanooro. Lower OrotawouB Fauna from llbnmayon Uioumal Baudstouo together 
with, deeoription of a few fossils from Chikkim sorics. Tndiurutos salmontauns Pilgrim. 

Beheading of Bon and Rer Rivers by Hosdo. 

Poff rf.— -Salt Deposit of Cis-lndus Salt Range. Tooth roforuliks to IiOwer SiwoUk Creodont 

' gonns * Dissopsalis ’ Pilgrim. Glaciers of DhauU and Lisar Valleys, Kninpon, llimolayu, 
Soptembor 1012. MiaoellanoouB Notes. 

Voi,. XLV, 1016 . 

Part i.— Now Siwolik Primatoe. Braisluopoda of Namyau Bods of Burma. MisooUancuus 
Note. 

Part 0,— Gmorol Bopott for 1 914. Nolo on Sivrdnnw and PwamaeliwroduH. 

Part 3 . — Mineral Produetion of India during 1914. Tiireo New Indian Mok'orilcs. ICuitip- 
purom, Shupiyan and Kamsegar. Dentition of Tragulid Genus UoToabuno. Uomatlte 
Crysteds of Omundlform Habit from Kajlidonul, Oonkal India, 

Part 4*— Zoology of oouxLkry nosjr Ngahlaingdwin. Geology of Chitral, Qilgit and Pamirs, 

Toii. XLVI, 1916. 

Qiilikqusmial iRevisw of MinAxol Produetion of India for 1990 to 1013 (out t^prini^, 
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Vox- \LVJl. lOK,. 

}*arf 1 — Genoial lUpoit ioi noniuii Mimiinh li » ii Mi illin »n Noh h 

Paif ,i , — Tho Tup h’low-. ol IjIu l, < lilnudw u i, Duln ( i ii i il I'umti 

Oio Di/poiita of Twiuu^ii, Noiiln m Sh 1.11 Slili i 
Pvt 3 , — Obiliiuy it. CJ liiiiloii I'liu Mirui il I'l 1 1 1 ti lunl In li i iliiiiii 1 I li uiiii m 
iiroa, an. fi wtt m {'loup of Uppi 1 (Jn t ii lom iiyl lot no (Kliuili, vvilli di ( i ipl lom ol I wo 
now ipcuoa. 

Part 4 . — Conti ibutionH to ihc Cloology of <h« l*j ivituf ol ^unum lu \\ I m l 'uni. '> 
Qoology of parts of tho biWocn mil Mikoni? \ ilh> * A I msil wood fioni huiini. Jin 
ViBimi and .Bikh KJioia AoroUtoa 

Vor. X1.VITI, 1*)17 

i»art jt.— Gone lal JRoport foi 191 (J A lovistil doHsiln ntioii of llu tiou Ivi m i it m 
Part 2 . — l^noial Produokoin of iudu duriar IMlu AUminiL iilliiiioui liom Ji il li di oi 
Sivalika. 

Pait 3 , — C)iyataUogi«n»Uy and Nonw m Utuio of IlollandiU (« olo’j mil Do Ibiwiiti of 
Bavdwin M.iaos. Kisi uUan< ous Mol t 

Part i^.^Biann-Jj vlaol Hills in Bkiluin itajpiil viia (hi on of lint Lit< iilo nt hi oiu, 1 1 iili il 
Provinces. 

Von \IJX. I')JS Jh 

Part 1 . — Goneitd Iloporl foi li) 17 . UvssiUnto Ihpo Us of 'I’vvoy U hjilunuli 1 di J “ l>« h 
JJods 

Part iS^Sbnoi il Produoiion of Tncli 1 tluiin^ 1 & 17 . hu]ti>uil of Mount uit J ol nil il A 1 v. 

Part d — Fltinicture and Btnitigiaphy in NoiUiWimI, I’linj i1> Mpnnuiiui Plmi ol l)i Oi 
Baltiatan. hnmangal EaithquaKu of Jnlv Sth. I'lls 
Port 4 , — PoBsiblo Ocouironoo of Piitiolimn m fonmu l*iinoui . I*i Uinnmy Noti on (Iin 
Kar>JBudlian Dome, ot ICotli Tohsil ui Iho Pniuh V lUoy Siibnn i nil I im 1 1 it hotnluy 
Xofta-Trappoans and biUoitiid Luira lioni llydi 1 il ml, h luilm. 

Vox. L, l')in 

Part 1 * — Qenoral Ropoit for lUlS. Potohli Kilts ol I’unjitb hill Ihiii n ind Kuliit tJnt-in 
and lliBtury of Uook-ailt Dt pouts ot ih ind Kohil, 

Pait 2 . — ^Tiuigaten audTin in BuiiUtt Imhn 1.11011 of J'hiu t phrw liiiiuui Siw ildv ind Muim 
yono near Koth, Jammu Two N» w Pojsil LiMidiluK lu G no lliU i >S mm ulpUui Altm . 
MncoUaDPOUH Kotos. 

Part J (owi prinJ), —Mmiuiil Pioduftnm of Tniln. duim' lOlS Gidioiimli I mm of tUd 
Jjal^ bflOH m UpiKti Buima. Oilim Uipo it 1 ot Noitli I i Inn I'litmi 
Purl ^ (out 0/ piml). 'PiUlibloudu, JVfoiii/itu md olhii itiiii 1 il 1 ftom li hbli, (« ivit ilihliii I 
JJiliar ati<l Onssa. Nitiiivl (lia lu ItiLuniuioii Silt itoiii Kohal Mux ml Ihaoitiui ol 
Oontial Pi mu(i*s. Mux ibimi otm NoU 1 

Von. Id, !<)-»(> M 

Part f.— -Qonoial Itnpoit foi HllSt Piiotiilo c 1 > hI its oi (iMpliili iioiti Tiiiiaiiiou IVIuKiiil 
rolatod to Xonotimo liom M mMuiiu Ibibtitl, lohiu niiiJ Oiimi I'lovinio. Cod hi uni 
o£ PootJIiJlfl of tUo Ainkau ymna, liolwt on I < i jj m V iw in I' iliokKu mid N a^x m Minim, 
Uppor Diumo. Obaoivatioiw ou " I'hvmi l‘iiuio|iii” Sown by luid nu 0 t liouid Hpoiiim 
tibat buirowed ui its uUoU 

Part 2.-- Obwslfioation ot foasil Cyjrtwdi. hnljihui 10 u tin lonlliuu o of tlio (Iioator Zab 
with tho I'lgiia, Mosoputonii 1 Mim i Ham «u 1 Noh 
Part 3 . — ^UiiiiOral Ihodnition of Cudin (luimir lOP) JosuHh ol i Ui vision ot Dr, Nootlm^*-' 
Second MouogiapU on the Tortmry Kamia of Uurmi M iimo KossiM lolUckd by Mi, 
Pinfold in the Goto Bills. 

Pori ^.-—lUiutratod comparati VO Unigao oh at li'oinl Toinbiidn. iiorn ItuETUii LiuLmn Fo sil 
VmparflQ. Now foasu Umomdfroin tho lotoitrapiiuim bi ds cl Ptmasulai luUia. UnionuUi 
from the Miooono ot Burma. 

Vox. JLll. 1921 . 

Quiuqueumvl Bomaw of Mmortd Piodiiutioii of India lor lt)14<l9lS. 

Vox.. LIU, 1921. 

Peart I.—Genoral Beport for 1920. Antimony dot»o-at of Tb vby 11, Amin iHt lU ii not. Ant tmony 
deponta of Southom Shon Btatoa. Geology and Mm*ril lU wnmtn ot Kimtiuu Pturtii, 
Mueolkncoua Notes. 

Part 2.— OomTOiative DiegnoHos oi Plontolomuku fiom Ti iti ui|f li’otiu it uni of Huiina. Com. 
pprativo liiawosea oi Coiudm and ('Hucollatitdn fiuiu TiUiniy ot Hiiiimi. Htnitigt iphy, 
Poaaila and Goolom^l Belationahiiia ol lAmolu Jioda of Jubbulwno, Jtoi lot lu at l.xiim la 
Ghat (Jubbul^ie Diatiict}. 

Part i (eul mtnf),— -Obituary ; ITtodonck ftiobmoiul MaJlot, MlnoraJ J*rodu«i>un of India 

during 1920 . Mworal Bosourow of Bihai and Oilaao. 

Port d.'— Stcoii^pby of tho Bmgu-lliroiiajigyat Atoo. Analyaia of Siiigu Fauna. Bulphur 
^poaiis of bouthnm Peinia, A Zkme-Foadl from JJnxiiaat Ainjulima (Mogatylotaa) 
Burmonioa. 



VoL. LIV, 102a. 

Pari t. — (ii'umil Itt'port for 1(121. Contributions to Iho (loolo'ry of tlio l’roviu<’(‘ of Yimnnii 
in Wi'alorn Chiiiit ; VT.- Tiuvi^rsn brtwfon Tali b'u .iiicl \ uniMU b'li. (Jiolopy of 2'.JiKl‘i 
Z.iin Vnlloj, mul K ,i,iiii:>uriiTii Miikiu Aicj.. W.ii/uirluu. (liMjloyj of Thiiyolmyo and ludyb- 
l^ourhood, iiichulmg PadmiUou. Jlilunu'u in Jlnnib.iy Island. 

Part 2 . — Miiimd Piodiirlion ol Jmlia during 1921. Iron Oirs of iSinghbliuni and Oiif-s-i. Clco- 
logical r>cbuItK of Mount Evfrost l<cu'iinuls.“nnt‘o ICipodition. Noitlioin Extension of 
Wollrnm-bcni log Zoun in Btnnia. Misfc-llimooiia Nolo. 

Part s. — Obituary: Bnpjrl William Palmor. Indian Tertiary Oastiopocla. IV.— Olivida*, 
Harpidee, Morginollidin, Volutidm and Mitridu, ■with ooiuparatwo dmgnoacti oi new 
Ktructuro of Cuticle in Gloasoploris angusilfolia Brongn, lle-vibion of soino Posbil I’ninno- 
morph liainanlob from India and the East Indian Arc-liiiirlaso. C'outrdiutioiiti to (bo tteo- 
logy of Ibo Brovinoo of Yiinnan in Western Chinn : 7. — Rceonnniflsance Surveys 1 etnetn 
Shunning B’u, Chingtung Ting and Tali Fn. S. — ^Trnverso down Yaiift-tzo-chiang Valioj 
from Cliin-ohaing-kai to irm-li-Chou. Boulder Beds benenlh Ctainr Slate, 2’iii liinopoly 
Bibtrict. Miseelbincons Notes. 

Part if,— ecology of Wi'-stem Jaipur. Ceologieal Travorbcs from Aswim to Myitkyina, Llirougb 
llukong Valloy; Myitkyina to Noi thorn Tutao; ami Myifkyinalo ClimeHe Bioidier. Oil- 
gooono Eebinoidea collecteil by Rao Bahadur R. Sethn Kama llan in, Biu-ma. iliueral 
liosourecn of Kolhapur State. Kunghka and MiininakJang Iron Oro IJeposibi, Norllntii 
Shan Stotoa, Burma. 

VoD. LV, 1923-21. 

Part 1. — Qenornl Bopoit for 1922, Indian Tertiary Cantropodu, No. H. I’lisldin, Turbhiellidn', 
ChryHodomidot', Stiopluridae, Huceinuhe, Nassida’, Colnmbellida*, with sliuit di.iguoM's <>( 
new species. Geological Inleiprclation of f.onio Iteceut Ocoiii'tie lini sugnlions (lx iiig u 
hoeond Appendix to llio Meuioii on the btiuelnre of the Himalayas and ol (lie Ciingetie 
Plain as eluoidated by (boiklii* ObscrMtlions ui ludiu]. 

Part 2. — Obituary: Einest (W.ilsou) Vrediudmig. Fossil MoUu^et! from Oil-Measiuen of Dawns 
Bills, Tcnnssi uni. Annnuied nniosuiir fiom fj.ame(ii llinls ol Jiililnilpoio. Fossil torins 
otPkicuna. Phylogenyi.f home Tin bincllida*. Bcceni Kails of Aeiobles in ludui. Geology 
ol pail of KJiasi and .lainda Hills, AsHam. 

Part S. — JMmeial Production of India during 1022, LIgnilie Cual-rields in K.irowa iormalioii 
of ICuflhmir Valley. Basie and UKra-Basio Memheis ol I he Charuoekile Reries in the ( 'entrnl 
Province's. China Clay of Karnlgi, Khanapuct Helgauin Diotiiut. 

Part 1 . — Obituary s Jfi-nry Xhihert llaydm, Oil Hliulorf of Wnsleru AmlieiBt., Burma, with n 
Skotoh of GcoIoRy ot Neiyhhoiirhood. Proviaioual list of I'uln'rwoir and AlcMOKoio PosHiis 
ooUocled by Dr. Coggin Brown in Ytknuan. Fall of throe Meteoriu Jroim in Jlajjmlitua 
on 20th May 1921. MimioUftneouH Note. 

VoL. LVl, 1921-20. 

Part i.— (lencral Report for 1023. Minernl DepuHils of Burma. 

Part y.-j-Mineinl PirKluction of India during 1923. Roda roelca of Rnjpidanu. 

Part 3 . — Oyroiito mid Okenite from Bombay. Freshwater Fi, h fuiin oil-inniisuivH f»t Dawns 
lliliH, KoHsil Ampullaiiid from I'ooneh, Kashmir. CaleareouH Alga iH'longiiii' lo '|’ri))lo- 
IxjK'Ueco (DHHveh'daeiie) bom n’orllaiw of Imliu. Fioth KJolntlon ot Indlin GoaJii. .Suh- 
in.uiuo Mud liruptioiis off Ar.ikan (loust, Burma. Cretiieeous Fossils from Afpliiitiislau 
andlvhorasuii. 

Part ;f.— Menia Meleoiite. Rtegodon Ganesa iji Outer Riwoliks of Jatumu. baud and Krotih- 
wftter Fossil Molluscs from Karewua of Kashinir. Burmese Jagnites fi-om Namiiia, laisbio 
and l^auk, Mourypur Salt Works. 

VoL. LVI], 10215. 

Quinquonninl Roviow of Mineral Production of India for 1910-1923. I’rieo li Hn. 19 As. 

VoL. LVni, 1025-26. 

Pa)t i . — Oonoral Roport for 1024. Fossil Troo in Panchot Kcrica of Lower Oondwuiins nesr 
AsooiHol, with Pakoontologieal Description. 

Part 2. — Obituary s Francis WillLiin Wulkoc. PomiblUlics of flmliug ismi’fVidoil I'oal-fiold at a 
workablo dopth in Bombay I'nisiiloney. Unsaltic Lav, is (lonotrattKl by (loop boring for 
eoiil at Bliusawal, Bombay Prosidoney. 

Part J.— -I^uotal ProduoUon of India duriag 192k Eustatito-AugHd Rorios of |*yp»xoiwfl. 
OoostituLlon of Gio Glaxieonito and CiiLulonilo. I’ulugotuto-boariiig 1>olcri(o from Nugpur, 

Port if.— Fossilos Crflaefs dorAfghuiiiatan. Ft»J«ileH du Kiwbmir ot dos Kamim. Additions 
and Oorrootiona to Vrodotiburg’s Cliutfifleatlun of tlio Cyju'aiidiB. Potrology of Roeks from 
Qkmu: and Osliom UiUs, Katbiawari India. 

VoL. LIX» 1920. 

Pi(H 1.— Gonorul Report for 1025. Foraminifora of patlp of Wijstem India, 

Part 2.— Sampling Operations in Pouch Valloy Ooal-aold. Composition of some Indian Oarnots, 
Qoology of Andaman and Nicobar Islands, with spemal roforonco to Middle At > d n,in s,n Island. 
Ooonrtenoe of Oiyptohalito. JECiomarks on Oortor’s Qsnus OonuUtes. 
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Part a. - Winter, il I'rotiuolioii oriridi.i (liiPttiw lOL!.t. Moliimorphif* HocKb and lutriiflivo Omiiilo 
(►f (Jliliitt.! iMtijmr Iiidi.m S'jks ii». «»r ('onot’lyjioiiH, 

Patl f. 'l,im--riio,iilii>ni . Coliii'f Ciul in (Jiinlih <Vil (ii-ltl, Distvibnlioti of (Jaulfc in fnilia. 
Ai'o of t,o I'ullod Datn'ari li’.iuiu fr.»jn TiIhU. Uauxilo on Korlapai Hill, Kalaliaiitli Btato, 
Hiliar lunl OriiiHi. 

lx, ll>27-2a. 

P<til /. -(conor.il tvPiiori. for lihUi. Hix IIopphIi riulian Atiroliioa. 

Part S. Iflniplion <tri Riiinii lal.uirl, off AiMf-an tJoiiHh of Jinrraa, in July, 1920. Oil TndL 
k-.iiion'i alt Drii'li llo.nl uii.ir tCiirtbPlii, laiwni (Jimiuo of Totracionodon. Cloology of 
Itimdi Hhilf*, RajputaTin, 

Port .3. -Mineral i’roducfion of Tnrliii iltiriug 1920. ijoologicnl Travonjo in YonnsUn Valloy. 
AmlitiU Boring nf 1 92ii-27. Indian LTnionidiu. 

Part 4. -l{ol)iiion'(hip ImltWon MjHH'iUo (Jravity nnd AhU ('tAilonlH of ('o.ils of Korea and Bokaio 
Dolloid KyrtiitiUH. (loidiMd. of Itiimiit with coni 'iPfim in tlio l.do of Bkyo, Scotland. 
Cojofiariiain with liidtin cxanipifu, B;inik.ir.|ronHioiJO Uontidnry iioar IVguuin, Aanigonj 
(MnLliold. Itauipinj-Panchot Butnulnry near Artannnl, Itaiuganj tioal-liold. Pormo* 
Oarhoniforoiiii Marinu Kauna from ITuiiiriu ('oal-liehi. (hiulogy of Umnria OMldiold, Eowah 
Sfato, (Juntr.il tudin, Hditiponitiiin and Nnmnnriiilum of OhlortiptiiDitn and I’alagonito, 
and on Clilurophniitu KorioH. MiHuoUaniunui Notes. 

Vi>i» LXr, 1928-29. 

i’rtrf L—ffonorjJ Uojinrt for 1927. AotinodonTlsinniiBiH in J-iowor Uondwanaa of Vihi diatriot, 
K.uilimir. Mitu'oltaneonM Note; Fnrthor NoUt on Nomoudnluro of Tlollnndil. 0 . 

Part U. —Coni ribui ion to (loology of Puiijii'h .Salt Uiuit'O. Iron !>••« Dupoaits of Northocn Shnu 
.Statoa. JiOwor Canino of Indian iSi) 0 <*io.'i of tlonohyun. MiHcnllanoous Nolo; Liou(‘oi)y- 
rite ftorti Kodatma. 

Pori d.-— Minoml Pn>fliicti(m of India during 1927. Note on Coking Tosfcs with fltnvlwaua 
CouJh. Xinu-SpiiKtl from Honthom India. Now Indlvu IVToteoriio ; Lmi Pull. MiscoUa- 
nrajufl Nufii : Litllingito from llii/aribagh Distrint. . 

Port 4.~ -Krraticfl of the Panjab. CroLioiKinfl Jlinosanrn of Triobiuoiioly Bistrint, and RjM-ks 
(uffiociatofl with thorn. Ih'bitulinsa from Til>ot. .loya Mair Dome Fold, near Ohaliwul, 
Jliolum Bintrict. Punjab. Orcniroiwo t»f Allophnno at Tikak, Assam. MiHoolUmoona 
Not© i AuHtmlian .Spucies of (ionuH (JimHia. 

Vor.. bxrr, lt> 29 -, 90 . 

Port 1. -(4on<iral Il(tp(»rb for IJI2R. MiHcclIaTMWHW Nofo; Now nirorailo 1(0001119*8. 

Af// Hr -Ohitujry ; Mivaraii Holliu l.ain i (lati. Kpocifu* (Jr.ivity innl Proxiniat** (lomj)OHilum of 
Ituilau VitraiiH. Now Dovoiiiaii l<’i»-iiil,i froiu Burma, ll.iii'tnou I'jiirtlinmiki*'* of Koj>tom- 
Intraiitl IV)i‘i)inbi<r 11127. Kpirojitroof Noilh Wont lUmukiyHii l'(ai'th(ju('/ko of lot Kobritary 
1029. WiiiciillaiinnuH Noio**: fndUii Beryl, Atacaiililu in Bihar and l^yromorjdiito in 
Bhagulpiir ilirttriot. Bibar. 

Part .^.--Miimral I'roductinn of IiidUidiirinp, 1928. iJrauopliyrio Trachyte from Balantlo Taland, 
Bombay. Coal KoHourmi of llin .lliaria (ioal-ilisld. (tail led by PironntidCoUiiiisnHin 
fmllau Coal Allium. 

Jf'iirl 4 , — Ago of AraivaHi Jtaugo, Lakn’H Itulo for anplo of Oyortbruat, oh applivi to JUmulayaiM, 
PermO"C3arlu>nlforouM SntM'oasion in Wareha Valley, WoHtorn Hitlt Itangt*, i*uajab. Nauki 
(Ilydorabnil) Afuiuuric Khowor of 29th Hopfaunbor 1028. Midrullaneotw Notes » Itoring 
for water at Baryapur au<l Foaail WggH at Yanangyaung. 

Von, LXIII, IJkW. 

Part f-— Oenorol Koport for 1920. llpi*or PriasHio FoshiIm from IJurino-Riamoso Ih’ontior.— 
Phanttgyin Tthm and BcHoriptiou of Corala. Upi'ier Trlatwlo Fossilu from Uurmo-Binmuse 
Iftmiiiar. — ^Bmchiopoda ami Ij;unoIliIUmncliia trora H'Jianngyin Kivor, UpjMjr TrJatwio 
Poasllfl from llnrroo-Biameao KrtmtioT.—VouHila ftom Knmawkala Umestono. UpjMt 
Priossie ITossils from Buntto-Riamimo Jfroiitier.— Now BasypladaiKW, IloUaporeUa ^iatncntHH 
nov. gon., nov. sp., with Bnias'iptlon of Allied Conus Aciculi/la Pia. Cretaooous Copbalo- 
podslri * iked B<nU ' of Kalaw, Bout horn Bhan KLutos, Buima. 

Part J2.— Mothodn of Analysis of Opal usetl at tlovonimont Tent llniisn, AUjJore, Oalouttn, with 
aa iMitoriel Introduotion. Now fosHil lornUtius within Panrhnt serioH of Hanigauj Coab 
field,. Rmoios of (Jyllmt from I'egu Bo<I« of Burma. Two now Bi>oeie» of Unio. Olaoiom 
of £ftr&EgM:«m and NoigbbourUood. Mhior)!amu*u 0 Nuto ; Bumo noiur Mari lu Attcck 
BlatFlct, 

Part Sr^Wxwni ProduotSon of India during IDSO. On the Bpoeifio Oravity and Proximate 
Cto|KMitkm of Hnmo Indian Biiruliia. 

Ptaf 4(r**AAM0t» of Hodem Oil FioM X^racUoo. ITndueuribed frrsUwater Molluscs from various 
m India and Burma. MMouad sota on North-Wost Himalayan Earthquake of lat 
«jnkxiiady,.l'^|^. MisceUaneoni Notes t TmmoUto from near dusidui^ liUiar, l»ppbfrine in 
y iw ftgft ifrwt afisfeAit and ^CUaBlfiwouB Angjite from 0J»«ndiww«Ua Btote, jk^jmtaiui.. 


Vot. LXIV, 1030. 

Quin<inoDniivl Koviuv of Miiioral Pnxlnriion of Tiirliu for 1024-1028> Prico 0 6 As. 

Vot. LXV. 1031-32. 

Patt Clonora.1 Pu(i\iort for 1030. Adtlitional Noto on RnmoJia Zoning iind 

Difforonct) in ConiiioHition of Twrinnrd Plngioclaso FolH^mre in roilain rorks from Rirolii 
Rdaio, £,aji>ut<Lna. Albito-AU H Twiniting of Tlagioolnbo Jh'olBpniH In corinin acidic i'ccKb 
from Rirolii Rtalo, Rajpuiftna. Jurawbic I'osflils from Nortliom Rhon RiatoH. 

Part JJ. — Hyiilaxis of North- Wiwt iJimaJayau : Its BocLh, Toctonics and Orogeny, Pioliminary 
Note on Pegu Eailhquako oi May 0th, 1030. Dotermination fiom World Jlacords of 
Zero-time and Epicentre of Pegu EacthqnaJce of May 0tli, 1930. (jong Duitanco Wave 
Rpoedn of Pegu EarthqoHke of May 011i, 1030. Boo];h hearing Kyui ito anti SiHimauito 
in Bhandaiu IDistrict, C. P. Rtratigiapliy of Upper Bauikol Rorioa (]Cn^vel Eoreiie) of Rind, 
fudhv. MiBOollanoous Note : Euohsite Vase from Mohenjo Daro (Smd). 

Paif 3 . — Mineral Prodnetion trf Lidia during IDSO. Geology and Load-ore Uoiiofliie of Mawaon, 
Federated Shan States. Wonthoring tif Vindhyiin Building Stone. Maclnritf^ from 
Ordovician of Burtun. Miscollauoons Notes : Riipplomcntary noto on “ linsiHiont. of 
Indian Foasll PlantB, 3*art II Conifornlot} (6. PotidactionN), 1031 ” and Kruptioii tif Mutl 
Volcono off Atnkoii Consi . 

Pml 4 ~ — 'Reociion Minerals in Craniot-Cordioriio-tIneihH from Mogtblc. Vlndliynns of WetHorn 
Rajputona. Granitic Jntinsiona in Hanchi and Ringhhhnm Uifflrifts. Mii»collanoonH 
Notes: Chemetpa in Krul Limoatono ; Green Mira from Lhandnra Dintrict; tind GUvine- 
Tlosalt and TuHs in Maluni Series at Jodhpur. 

Vot. LXVT, 1032-33. 

Pari J. — General Report for 1031. Rudistoa from Eastern Persia. 

Pari 3. — Tjowor Palcoozoia Fosuils from the Rtnithorn Shan Rtalos. Geology of N.iujtn Parliat- 
(ML. BLimir) and atlioining portions of Olukis, Gilgit T)iirtri( 1, Kashmir. Fossil Pinuls liom 
Parsora R1 ago, Rowa. Rwa K.irlhtpiako ol Aiigusfc 8tli, 1920. Overlap in the Ngajie Are,!,, 
Minhn Bistriert. MisrclLanouiia Note ; Ammonilo froni R.iniri Tslniid, 

Pail 3. — ^Minerfll Pi-oduction of India during 1931. Microstopic Study of some Tudiiin Coals. 
Rpedfic (Itavity and Porosity tif Indian Riiilding SlonoH. Indian Soismologiml Records 
of Chit'f Shocks in N.-E. Frontier Roirion of Burma during 1020-1039. Glacier in Arva 
Valley, Garbwal. 

Pail «#.— Straligiaphlo significance of Fnanliuids of Lower Prodnctiis Limostono t J Rail Range. 
Thdoxyloii zaieaskyi, a new Specios of Oorduitoan Truca from Lower Gondwanan of India, 
Fossil Pentalocular Fruit from Pondichoiry. Kulnva (Calwe) * Wall ’ in Knmool Jllsirict. 
Talo-serpent'ino-ehlorite rockfl of Routhern Mewar and Dungarpur. Ago of rortain 
Himalayan Orondea. Tables of Production, Imports, KjcihitLs and f'ensumption of Minerals 
and Metals in India. 

Vou LXVir, 1033-34. 

Part I. -General Report for 1032. Anthracolithic Faunas of Routhern Shan Rtatoa. 
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tij, AhioodatMid District j Pol ash-content of Ranibhar Salt Lnko, Rujputona ; 

Alunogen from Ouddapah District ; and Quarterly Statistics of Proiluetion of Coal, Gold 
and Petroleum In India : January to Mnrcli, 1034. 

Part 3.— -Minoml PrednoUnn of India during 19.33. Mangaonsa-Lima Rerios of Garnets, Oho- 
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